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SKETCH OF W. W. MATHER. 

By C. H. HiTCHCom. LL. D., Hnnover, N. H. 

jPortrait. Plate M 

William Williams Mather was born in Brooklyn, Connecti- 
cut, May 24, 1804, The first of his ancestorB to arrive in this 
country was the Rev. Richard Mather, who hud emigrated 
from England in 1635 and settled in MassachuBette. The 
distinguished president of Harvard College, Increase, and his 
eon Cotton, the eminent divine and author, belonged to the 
same stock. The maternal grandfather, Nathan Williams, 
was a soldier in the war of the Revolution. 

Young William became an adept in chemistry, and gradu- 
ated at the West Point Military Academy in 1828. In 1826 
he corrected and amended the proofsheets of a treatise on 
chemistry prepared by J. W. Webeter, who was afterwards 
executed upon the gallows for the murder of Dr. Parkman. 
Webster failed to actnowledge his indebtedness to Mr. Mather 
in his preface, thus showing his lack of courtesy. After 
graduation Mather remained for eight years in the army, 
partly on regular duty, partly acting as professor of mineral- 
ogy, geology and chemistry at West Point and Wesleyan 
University, and lastly as assistant geologist to G. W. Feather- 
Btonhaugh in the exploration of Wisconsin Territory. 
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In 1836 he wan appointed geologist of the "firet district" 
of the state of New York, taking tiie place of Edward Hiteh- 
■ cock, who had repigned this pogition after about a mouth'B 

field-wurk. Prof. Mather made five annual and one final ri.'- 
port on the geology of this diBtrict. From 1837 to 18+0 he 
had in charge the first geological siirvej of Ohio, preparing 
^'i two annual and one special report upon the collections gath- 

'-j ered during the explorations. He was also employed to eon- 

i? duct the geological reconnaissanee of Kentucky in 1838, 1839, 

(/ upon which he wrote a brief report. 

After the suspension of the Ohio survey. Prof. Mather pur- 
chased a tract of land in Jackson county, Ohio, and became a 
;; citizen of the state. Subsequently he taught natural science 

I . in the Ohio University, at Athens, and at Marietta College. 

}j;. His abilities as a geologist led to frequent employment as an 

',[ ex|)ert in the examination of mineral lands upon lake Supe- 

I rior, in Virginia, New York, Massachusetts, etc., during all 

! . the rest of his life. For several years he was connected with 

I i. ;\ the Ohio Stat« Board of Agriculture, either as secretary or 

"■ ; chemist, and he was also the editor of the " Western Agricul- 

turist." He died at Columbus, Ohio, Feb. 26, 1859. 
'.^ Prof. Mather had a vigorous constitution, and consequent 

■,' ' large ability to engage in scientific explorations, with the ca- 

y pacity to understand and describe natural phenomena and to 

r speculate upon their causes. He possessed a gentle disposi- 

i tion, was manly, self-reliant, just in his estimates of others, 

I not dogmatic nor ostentatious, ready to give up any theory 

when convinced of its falsity, and he held firm religious prin- 
ciples. Through an active and laborious scientific career of 
I thirty years no suggestion of censure ever assailed his integ- 

rity. Hie work was well and faithfully done, and his name 
will always hold a place of honor among the geologists of his 
day. 

P'arther special statements as to the official positions held, 
as to honorary degrees and membership in various societies, 
and a list of his various published reports, papers, and book)i 
are appended. These were furnished by his son, Mr. Kichard 
Mather, of Ironton, Ohio. For further biographical details 
the reader is referred to the memorial sketch prepared by 
Hon. Ivers J. Austin in the annals of the New England His- 
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Sketch of W. W. Mather. — Hitchcock. 3 

toric and Genealogical Society, and to a similar notice in 
AppleUin'p Popular Science Monttily for Augupt, 1896. The 
accompanying portrait represents Prof. Mather as lie appeared 
at the age of fifty-three, not long before his death, when in 
the maturity of his powers. The portrait in the Popular Sci- 
ence Monthly was taken in 18i8, when forty years of age. 

The moBt important of Prof. Mathers writings may be the 
"Geology of the First District of New York,'' which afforded 
a larger list of formations than any of the other districts. It 
included — using the nomenclature of to-day — the Archean, 
Cambrian, Silurian, Devonian, Triassic, Cretaceous, Tertiary, 
and Quaternary. He must hove been forward among his col- 
leagues in the establishment of the " New York System" and 
in the use of local names for the subordinate divisions. In 
his report for 1840 this system was said to consist of the 
Catakill, Helderberg, Shawangunk, and Hudson River. The 
first included the Chemung, the third was composed of rocks 
quite different from the NiugarA, Clinton and Medina, of the 
Ontario division, and the Hudson series embraced all the 
Lower Silurian, including the Potsdani. Two of the geolo- 
gists — Hail and Emmons — excluded the Catskill from their 
enumeration, calling it simply "Old Red Sandstone." The 
order of description wa« from above downwards in obedience 
to the general usage of the time. 

Mather had been commissioned by the American Associa- 
tion ijf Geologists in 1840 to present before them the subject 
of the "Drift." Not being in readiness to present his paper 
in 1841, and being absent from the next two meetings, he used 
the material, chiefly gathered in his own state, for his official 
report. This is unusually full and is one of the best presen- 
tations of the subject in his time. The Quaternary is divided 
into three parts. Alluvium. Quaternary proper, and Drift. The 
description of the first relates to fluviatile, lacnstrine, and 
mtM-ine alluviums, low-lying sands, bars, mud Bats, peat, marl, 
bog iron, tufa, beacbes, shoals, spite, dunes, together with full 
descriptions of all the fossils contained in these deposits, es- 
pecially the Infusoria [Diatoms]. This topic also embraced 
springs, eaves, transportation by floating ice, the disintegra- 
tion of rooks, and denudation. 

The second division related to the modified drift — river 
terraces, beaches bordering the great lakes, sand and gravel 
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plains, the meadows and sands of Manhattan island, and the 
marine deposits along lake Champlain and Hudson river. 
Thirdly, came the eubjeet of the Drift — erratics, hardpan, 
lists of strije, both for New York and other states. The de- 
scription of the distribution of boulders and till over Long 
island in very full and complete, and was used by the writer 
, in the preparation ot a paper presented to the Lyceum of 

[r? • Natural History in New York and the Long Island Historical 

Society in 1868, entitled " The Geological History of Long 
Island." The facts of Mather's report were employed to il- 
lustrate the theory that the backbone of Long island consti- 
tuted a part of the terminal moraine of the ice-sheet. Mr. 
Mather, however, followed his eon temporaries in supposing 
that the dispersion of the boulders and the striution of the 
ledges resulted from floating ice in a time of general submer- 
gence. His objection to Agassi/.'s glacial theory was the com- 
mon one of his day — that the flat lands of the middle western 
states did not otfer a sufficient slope to produce motion in the 
ice-sheet. Owing to his connection with surveys in other states 
he says his conclusions were based upon what he had seen in 
over one hundred thoustind miles of travel. 

The study of the formations of Long Island enabled 
Mather to recognize both the Tertinry and the Cretaceous, 
though be used a local namefor the group. The outcrops of 
the Trias were rather limited, but he correlated the sand- 
stones with those of the Connecticut valley, and he suspected 
that the associated trap rocks might have been ejected in the 
Cretaceous. For the proper explanation of the distribution 
of the Trias in the Connecticut and Newark areas, with op- 
posite dips, Mather first states and rejects the fluviatile hy- 
pothesis of H. D. Rogers and then proposes a new theory 
based upon the courses of the equatorial or gulf stream and 
of the returning polar current. The first stream being direct- 
ed through the Connecticut valley would naturally deposit 
sediment upon an easterly slope, and the returning polar cur- 
rent having a westerly tendency would drop its burdens upon 
the Palisade side of the Hudson. 

No part of this report has attracted more attention than 
his conclusions respecting the rocks east of the Hudson river. 
His colleague, Emmons, as is well known, had proposed an 
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Sketch of W. W. Mather.— Hitchcock. 6 

interpretation for certain formatiotiB in this district not ac- 
cepted by any otiier one of the board of genlogista except in 
part by Vanuxem. Theee roclcf consist of a series of great 
thlcknena, sandstone, limestone, and slate, to which Euiinons 
gave the name of Taconif System, and supposed tliem to 
underlie the Potsdam sandstone, then esteemed as the base of 
the Silurian system. Inasmuch as these rocks did not occur 
in the second district, Emmons could not legitimately des- 
cribe them in his olflcial report except cursorily; nor could 
his views be properly illustrated upon the general geological 
map compiled from the reports of all the geologists. Hence hu 
was compelled to stnte his views in a volume prepared later 
upon Agriculture, and to draw his illuetrations largely from 
the adjoining states of Massachusetts and Vermont, This di- 
vergence of views led to the Tuconie controversy — a discussion 
thai becHme very bitter between its chief disputants— <-om- 
parable in intensity and duration to the airailar conflict in 
England between Sedgwick ond Murchison over the Cambrian 
and Silurian. In fact the principles involved were identical 
upon the two continents. Connected with the stratigraphical 
discussion arose the subject of metaiuorphism, which was 
unnecessarily controverted by Emmons and advocated by 
Mather. 

On these subjects Mather held r (1) The " Taconic rocks are 
the same in age with those of the Champlain Division, but 
modilicd by metnmorphic agency and the intrusion of 
plutonic rocks." p. 438. (2) The limestones tlmt are 
frequently crystalline white and variegated marbles, talcose 
slates and quartz rocks of Diitchess. Putnam, Westchester, 
and New York counties are metaraorphic rocks. They were 
originally "the rocks of the (^hamplain Division, but much 
more altered and modified by metamorphic agency than the 
Taconic rocks." page 46-1. (3) The Primary [Archean] 
rocks are extensively developed in the highlands of the Hud- 
son, in Sew York, Westchester, Putnam, southern part of 
Dutchess, parts of Oronge and Rockland counties, and Staten 
island. The kinds of ores and rocks correspond with those in 
the northwest part of the first district, in the Adirondack re- 
gion. 

The views of Mather on all these points would not essen- 
tially vary from those recently presented by professor James 
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Hall and Mr. F. J. H. Merrill in their respective geological 
maps of the state. This statement, however, assumes that 
Mather would have accepted certain modifications of presen- 
tation, such as the use of the terms Cambrian for the primor- 
dial fauna and the acceptance of the belief that the Granular 
quartz of Emmons is not the equivalent of the Potsdum but a 
much lower horizon. 

Mather's name has been mentioned in connection with the 
suggestion that the State Geologists should meet for consul- 
tation, and with their co-workers form an association of ge- 
ologists. In November 1838, not being able to be present at 
the meeting, he addressed a letter to the New York board of 
geologists, presented through professor Emmons, commencing 
as follows 1 "Would it lint be well to suggest the propriety 
of a meeting of the geologists and other scientific men of our 
country at some tentml point next fall, say in New York or 
Philadelphia. There are many questions in our geology that 
will receive new light from friendly discussion and the com- 
bined observations from various individuals who have noted 
them in various parts of our country. Such a meeting has 
been suggested by professor Hitchcock and to me it seems 
desirable." etc. 

From a letter of Mather to Hitchcock in 1849, it appearp 
that professor Vnnuxem made the motion before ihe Botird 
to adopt the suggestion; and it is a well known fact in his- 
tory that this vote led to the formation of the "American Asso- 
ciation of Geologists,'' followed several years later by the 
American Association for the Advancement of Science,* 

The Geological Survey of Ohio was carried on during the 
years 1837 and 1838. Greater help was obtained from assis- 
tants than in the New York survey. As the result of these 
two years of labor Prof. Mather was enabled to establish the 
column of formations, whose accuracy was certified to by the 
later works of Dr. J. S. Newberry. The basal rock is the 
"Blue limestone" or Lower Silurian, followed by the"Clifr 
limestone," which has been identified with the Upper Silurian 

*The correspondence relating to thie aubjfict in Bivnn in l.hn Tenth 
Annual Report of the Reftentn of the Univeraitj[ 
of Natural HiHtory, page 23. I 
subject to Mather in I&T7 and 1: 
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and Lower Devonian. The succeeding "Blaek alates" are 
Upper Devonian. The " WAverly sandstone" finally proves to 
be the lowest Carbon if erouB, tliough referred to the Portage 
and Chemung groups in 1842 by professor Hail. The two 
latest members are the Conglomerate or Millstone grit and 
the Coal Measures. He found the beds of coal to he of great 
value, and interested himself in his later life by investing in 
these lands and laboring earnestly for theirdevelopment. The 
great industries located in Ohio, dependent upon coal and 
iron, amply confirm the correctness of the Judgment of Prof. 
Mather in those early days of their great value. 

Mr. Mather received the degree of M. A. from Wesleyan 
University, Middletown, in 1834, and that of LL. D. from 
Brown University in 1856. 

He was a member or corresponding member of numerous 
scientific societies, among which may be named: 

Yale Natural Hiatory Society, New Haven, 1836. 

Lyceum of Natural History, New York, 18S7. 

.Academy of Natural Sciences. Philadelphia, 1838, 

Assuciatina of American Geologists, 1810. 

Association of American Geologists and Naturalista, 1941. 

National lostitute, Wasbiogton, D. C. 1»12. 

Aniericau Aflsociation for the Advant-ecuent of Science, 1847. 

He was also a member of various philosophical and histor- 
ical societies, viz.: 

Ohio PhiloBophical and Historical Society. 

Connecticut Historical Society. 

Historical and Geological Society of Norwatk, O. 

Minnesota Historical Society. 

He was trustee of Granville College, O., from 1840 to 1H55. 
and a life member and director in many religious organiza- 
tions. 

Lixt of Official and Pro/esnional Pnsifioaa held fry H'. VV. Mather. 
1828. 

Brevet Second Lieutenant, U. S. Army, July lat. 1828, 

Acting Aspistant Instructor of Artillery at West Point during the en- 
campiaent, June. July and August, 1898. 

Assigned to duty with 0th Regiment Infantry at Jefferson Barracks 
Sch.K>l ol Practice, 1828. 

Promoted U' Second Lieutenant. 7th Infantry, July let, 1828. 
1829. 

Ordered to 7th Begiment at Fort Jessup, April, 1829. 

Ordered to West Point as Actiug AfieiBtant Professor of Chemistry, 
Mineratogy and Geology, Juue 29th, 1329, and remained on duty there 
until June. lat!). 
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1833. 

Acting ProfMBor of Chemistr?. Mineraiog)' and Getdcgy at Ihe Wes- 
leyan Uoiwraitj al UiddletowD, Cord., during the recess of bis course 
of inatroction at West Point, by permiesioii of the Secretary of War. 
19^ 

On tnpc^n^phical duty, Jane to December. 1835. as Assistant Geolo- 
gist to G. W. Featheratoohaugh, roakiDg a geological eiaminatinn of the 
cnantrv from Green bay to Coteau dee Prairies; and Mr. Mather made 
a repcfft and a topographical map of Ihe St. Peter's river valley of Mid- 

Ordered to Regiment at Fort Gibson. November, 18%, and marched 
into Choctaw country Hay, 1836, in command of Company D, 7th laty, 
1836. 
Kesigned from the .\nny, .August 23d, 1836. 

Appointed Prvfessor of Chemistry. Hin. and Geoi<^y in tbe Univer- 
sity of Louisiana. 1835. Declined. 

Gn>logiBt of the Firvt District iS. E. quarten of New York, contain- 
ing 21 coonties, from July. 1836. to 1814. (Made five Annual Reports 
and one Final Geological Beport.j 

1837. 

Geologist superintending the Geological Survey of Ohio from I83T to 

1840. (Made two annual reports and one on the collectionsj. 

1838. 

Geologist making a Geological Reconnaissance of Kentucky, 1838 to 

1839. (Made oce report). 

1812. 
ProfesBiv of Natural Science in the Ohio University, 1912. 1815. 

1815. 
Vice-President and Acting President, and Professor of Natural Sci- 
ence at the Ohio University, 1845. 

Geologist and Mining Engioeer to various mining companies on Ijike 
Superior m 1815, 1816 and 1817. and others in Vu-ginia. New York, Mas 
sachusetts, etc. 

1816. 
Acting Professor of Chemistry. Mineralogy and Geology at the Mari- 
etta College. Ohio. Janaary to March. 1816. .Noting temporarily. Va- 
willing to accept the professorship in consequence of other arrange. 

1847. 
Vice-PreeideDt and Professor of Natural Science in the Ohio Univer- 
sity, 1817 to December, 1850. 

1850. 
Delegate ot the Jackson County Agricultural Society to the State 
Agricultural Convention ot Oluo, annually 1850, 1851, 1852, 1853. 1851, 
18.^, 1856 and 1858. 

1850 ^. 
Corresponding Secretary of the Ohio State Board of .Agriculture IKiO- 
1^4. Iln charge of the office of the Board, conducting tbe c< 
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ence with the Stata Societies of other atatea, with foreign Ai^icultural 
Societies and individuniH, and nith the SO County Agricultural Socie- 
ties subordinate to the Board. Also charged with preparing all the 
pubiicatiooB of the Board, the fairs in their details, and distribution of 
the awnrdB.) 

Agricultural Chemist of Ohio for the State Board of Agriculture, 
analyzing soils, ores, coals, water, Balines, etc., and making Agricul- 
tural and Geoloincal surveyu. (Vide reports iu Reports of Ohio State 
Board of Agriculture.) 

1951-2. 

Editor of the Western Agriculturist, Jan'y Ist, 1851, to July Ist, 1852. 
(First volume and one-half of second volume.) 
1852. 

Delegate to the U. S. Agricultural Convention at Washington city for 
the Ohio State Board of Agriculture, June, 1852. 
l&W. 

Geologist of Lieut. Williams' part of eipioratioo for the PaciRc rail- 
road acroes the Sierra Nevada, May, 1853. Declined. Disabled by a 
snake bite (supposed to be) and partial paraJyaiH consequent, and am- 
putation necessary. 

Geological Engineer, making surveys of the available mineral re- 
sources of the Lexington and Big Sandy railroad in Kentucky . 
1853-4. 

Meinl>er of the U. S. Board of Agriculture for Ohio. 
1854. 

Appointed Lecturer on Agricultural Science in the Dennison Univer- 
sity, Ohio. Declined. 

1855. 

Geological Engineer making the survey of the available mineral re- 
sources on the line of the F^ttsburg, Maysville and Cinciunati railroad 
in Ohio. 

Member of the Board of Visitors appointed by the president to attend 
the examination of cadets of the U. S. Military Academy at West 
Point, New York, and report to the Secretary of War. 
1856-7. 

Manager to build and put in operation Oak Ridge furnace, in Law- 
rence county, April 30th, ISM, to December Uth, 1857, when the fur- 
nace was in full operation from August 5th, 1K)6, to December 14th, 
1857, Director in said Furnace Co. from August, 1857. 

Writings of W. W. Mather. 
1828. 
On the non-conducting power of water with regard to heat. Ameri- 
can Journal of Science and Arts, vol. xni, p. 368. 
1830. 
Report on the analysis of the Lycoming Iron ores, (to Geo. Carpen- 
ter). Vide Mather's manuscript, "Chemical Bcsearches," March, 
1830, page 37. 
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On the crystalliiie form of Iodine. Am. Jour. Scieaoe, xviii, p. 181. 
On the crystalline form of Xanthite. Am. Jour. Science, xviii, p. 



On the production of AlumiQum and Magneaiuni. Am. Jour. Sci- 
ence, XX, p. 408. 

1832. 

Geological notes and Geological Section in Connecticut. Geological 
notes on the Highlands of New York. Am. Jour. Science, xxi, p. 91. 
1833. 

Sulphuretsot Bismuth, and formation of anew com pound --the disul- 
phuret. Am. Jour. Science, xxiv, p. 189. 

On the principles involveil in the reduction of Iron and of Silver ores, 
with a supplement on the principal silver mines of South America. 
Am. Jour. Science, xxiv, p. 213. 

Elements of Geology for the use of Schools. Published at Norwich, 
Coon., by William Lester. 

1834. 

On Dilution, for the use of the Cadets of the U. S. Military, West 
Pt. (part of the Geological Course). Lithographed by the V. S. Mili- 
tary Academy at the Academy Frees. 

Geology and Mineralogy of Windham and New London Counties in 
Connecticut. Pviblishod at Norwich, Conn., by William Lester. 

Geological Map and sections of the above Counties on Lester's Topo- 
graphical Map ot Windham and New London Counties. Published at 
Norwich, Conn., by William Lester. 

Report on the Salisbury Iron Ores and their reduction. Vide Math- 
er's manuscript, " Chemical Researches," vol. i, page 85. 

Survey and Report to Bacon on the Simsbury Copper Mines, 

and analysis of the ores. Vide Mather's " Chemical Researches," vol. 
II, page 57. 

1835. 

Contributions to Chemical S<:ience, viz: (I) Od Chloride ot Alumi- 
num and its analysis, and the atomic constitution of the chloride and 
oxide of aluminum. Am. Jour. Science, xxvn, p. 341. 

(2) A hydrated chloride of aluminum and its analysis, and its 
atomic constitution deduced. Am. Jour. Science, xxvii, p. 25-1-3,')G. 

(3) Crystallized tin from solution (a new method). Am. Jour. Sci- 
ence, ijtvn. p. 254-255, 

(4) GeorgiaGold. Analysis of the Gieorgia Gold Assayers. Am. 
Jour. Science, xxvii, p. 255-256. 

(5) Silver of Lane's mine, Monroe, Conn. (Anriferousi .Analysis of 
and remarks on other minerals of that mine. .Am, Jour, Science, 
XXVII, p. 256-257. 

(6) Potash Iodide of Platinum, its preparation, decomposition and 
atomic constitution. Am. Jour. Sci., vol. xxvii, p. 257. 

(7) Cloriodide ot Platinum, its preparation, decomposition and 
atomic constitution. Am. Jour. Sci., vol. xxvii. p. 25S 262. 
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(8) CryatAtlized Pxrchloride ot Platinum, anBlfBiB and atomii; cod- 
BtitutioD. (a hydrated perch ioride). Am. Jour ScUvol. xxvii, p. 362-263. 

(9| Amalj^m nt Platinum, a new and aaay method ot preparation. 
Am. Jour. Sci., vol. xxvii. p. 263. 

(10) Iodide of Mercury, solvents and propertieB. Am. Jour, 8ci.. 
vol. sivii, p. 263. 

Ill) BitUDgstate of Ammonia, solubility in water determined, and 
re-a^nte for. Am. Jour. Sul., vol. xxrii, p. 264. 

(12) Disulphuret of Biamuth, with anatyeis and atomic constitution. 
Am. Jour. Sci,, vol. xxvrr. p. 261. 

Report on the GeologiL'at ReconnaieaDce between Green bay and the 
CoLeau dee Prairies, by Lt. W. W. Mather, on topographic duty, as as- 
aietant to G. W. Featherstonhaugh. Manuscript report sent from the 
Arsenal, near St. Louia, Mo., in November or December, 1835, to Lt. 
Col. J. J. Abert, of Topographical Bureau, Washington. Returned to 
the author in 1851, at his request. 

Topographical sketch of the valley aod meaiiderings ot the St. Peter's 
river. actrompaDied the above rt^port, from plotting courses and dist- 
ances. Sent with the above report, but not returned with the report to 
W. W- M. 

1836. 

Report OD the Marttuaburgh Lead Mines and Orea. 

Instrument proposed for measuring accurately the expansion of solid 
bodies, aod which may be used as a thermometer, and is also adapted 
for testing standards ot length, and for Geodetieal operations, .Am. 
Jour. Sci. and Arts, xxx. p. 32-1- 

iaT7. 

First Annual Report on the Geological Survey of the First, or S. E. 
District of New York, made December, 18.36. State Assembly Doc. No. 
161, p. 63-97, 1&37. 

Report on Gold Mines of North Carolina. |To Mclntire, Gregory & 
Co.] 

Second Annual Geological Report of the First District, N. V. As- 
sembly Doc., 200 of 18;(8, p. 121-184. 

Report on a reputed coal tract in Pennsylvania. 
1838. 

Geology for use of schools and academies. Revised, enlarged and 
stereotyped. Published and stereotyped in New York by J. .Arnville 
Taylor. [This work piiflsed through several editions in successive years, 
until the publication was ordered to be stopped by W. W. M,] 

First AnDual Geological Report of Ohio. Ohio, Assembly Doc. 

Third Annual Geological Report ot New York. Assembly Doc. 2T5, 
p. 67-196. 

Second Annual Geological Report ot the Ohio Geological Survey. 
Assembly Doc. Reports. 

1839. 

Report on the Coal-Grovo Coal and Iron property, with a description 
of its resources, and a minute topographical and geological map, and 
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sections from actual eurrey, 4,000 acres in Lawrence County. Pub- 
lished by the Goal-Grove Co. Id Columbus, in 1839, and in New York in 
1847 by J. L. Minen 4 Co. 

QeoloRical Report oa the "Geological BecoiiDaisaaace of Kentucky, 
made ic 1838." Assembly Document, .1839. 

On CupellatioD, an easy and accurate method with the blowpipe. 
Am. Jour. Science, 2xxv, p. 321. 

1840. 

Fourth Annual Geological Report of New York. State Assembly 
Doc. No. 50, pp. 209-258. 

1841. 

Fifth Annual Geological Report of New York. Assembly Doc. No. 
150, p. 57. 

1842. 

Report to the Legislature on the arranged Geological Collections for 
the State Cabinet, and those prepared for distribution to the Colleges 
and Universities of Ohio, collected on the Geological Survey. Ohio As- 
sembly Document. Reports, 1842. 

Report on the coal mines near Owensborough, Ky., [to Hon. Robert 
Triplett]. Published in Kentucky. 

1843. 

Final Geological Report of the First District of New York, entitled 
"Natural History of New York, Part IV, Geology, by W. W. Mather, 
Vol. I." This is a quarto volume of G53 pages and 46 colored plates. 
Published by the State of New York in 1844, as one of the volumes of 
the Natural History of New York. 

1844. 

On the possible variatkin of the length of the day, or of the revolution 
of the earth on its axis, with correctetl formula; of the appendix of the 
Final Geological Report of New York. Am. Jour. Science, xlvi, p. 344. 

On the Geology of the United States east of the Rocky mountains, 
and an enquiry into the causes that have led to the deposition of the 
sedimentary rocks, and that have caused their elevation and contortion. 
.Am. Jour. Science, xlix, p. 1; 281. iThis grejtt physical question is 
considered and partiallj' developed. This paper was written for and read 
before the National Institute at WnshingUio, April. 1844, and probably 
published by them also, and before the .American Association of Geolo- 
gists and Naturuliats In May. and before the Athenian * * * * 
by request in August.) 

1845. 

On Bromine and Iodine in the Ohio Satinea. Amer. Jour. Science, 
XLIX, p. 211. 

An extended series of investigation was entered into, many new com- 
pounds formed, improved methods of extracting bromine contrived and 
put in operation, with a view to manufacture, 'but most of the papers 
were lost during hif> absence on lake Superior in 1845-C-7. Those that 
remain are in an incomplete state, and neither published nor prepared 
for publication. 
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1847. 

On CupellatioD with tbe blowpipe, and od accurate metboda of quan- 
titative eBtimatioD of minute quaotities of silver aod gold. Am, Jour. 
Science, (New Seriea) p. 409. 

On tbe meteorology ofLake Superioraud the causes of the sudden 
and gradual changes of the level of the waters of the Liakes. Am. 
Jour. Science, vi, p. 1-20. 

Two reports to W. P. Cutler, President^ and to A. B. Walker on the 
mineral resources along tbe line of the Cincinnati and Belpr^ railroad. 
Published in pamphlet form with the report of the President, 18*8-9. 
1848. 

Report and Topographical and Geological Map and sections of 7,500 
acres of coal and Iron land, the Robertson tr»ct in Southern Ohio. 

Premium Essay on tbe Mineral Kingdom being the source of the 
matter of the Animal and Vegetable Kingdoms. Third Annual Report 
of tbe Ohio State Board of Agriculture. 
1819. 

Report on the practicable routes for the Scioto and Hocking Valley 
R. R. Various routes suggested and discussed. The route recom- 
mended was adapted and the road built. Scioto County papers at 
Portsmouth, Nov. t*. April, 1819-00. 

Tbe question argued on the propriety of a county subscription of 
»100,000 by Jackson County to the B. R. Co. This question argued and 
all the objections answered, and advantages set forth. R(>Bulted in a 
vote of 4 til 1 in favor of the county subscription. Published in the 
Jackson Standard, March 14-21-28, 1850. Copied into other papers. 
.^rgaments used in various counties. 
1850. 

Report on the agricultural productions and the resources of Jackson 
County, O. Fifth Annual Report of tbe Ohio State Board of Agricul- 

BotatioDS of timber growth. Ohio Agri. Bep.. 1B60. 
Edited the Fifth Annual Report of the Ohio State Board of Agricul- 
ture. Assembly Document. 

1851. 

Edited the Western .Agriculturist, Jan. 1B51, to July, 1852. Vol. I, 
pub. by J. H. Riley. Vol. II, pub. by 8. Medary. 
1852. 

Edited the 6th Annual Report of the Ohio State Board of Agricul- 
ture. Assembly Document, 

Report as Corresponding Secretary to the Ohio State Board of Agri- 
culture. Sixth Annual Report Ohio State Board of Agriculture. 

Report on the Analysis of soils of Ohio, as Agricultural Chemist of 
Ohio. Sixth Annua! Report Ohio State Board of Agriculture. 

Essay on the soils of Ohio, their geological relations, characters, de- 
terioration, renovation, mineral elements of parts of plants, composition 
of soils. Sixth Annual Report Ohio State Board of .Agriculture. 
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EditPtl the Heventh Annual Report of the Ohio Slate Board of Agri- 
culture. Asaembly Doc., 1853. 

Report on the Ap-iculture of Jackson county, and on the mineral re- 
sources, particularly on the line of the OiDcinoitti. Hillsborough & Par- 
kereburg R. R. Seventh Annual Report, Ohio State fid. Agri. 

Report on Ihe mineral resources along the line of the CinciDnati. 
HillBborough 4 ParkerHburg R. R. (To Elwood Morris, for the Com- 
pany.] Published in pamphlet form by the R, R. Co., with the reports 
of the president (Trumble) and engineer (Ellwood Morris). 

R^-port as Corresponding Het-retaryof the Ohio State fioard of Agri- 
culture, and Agritjultural Chemist of Ohio: Analysis of Soils, modes, 
and desiderata, and objections answered; modes of improving the inter- 
ests of agriculture; analysia of the waters of Cleveland; analynis of 
Ohio coals; agricultural recounaissance of Ohio. Seventh Annual Re- 
port. Ohio State Bd. Agri. 

Report on the analysis of the River, Lake, Well, and Spring Waters 
at Cleveland. [To the Water Commissioners.] Published in lamphlet 
form by the Water Commisaioners, 1S53. 

Report on the analytiis of various coals in Ohio, with reference to 
their purity, beating power and adaptation for various u&^s. The tab- 
ulated results are in Seventh Ohio Agri. Report. 
1853. 

Report on the great coal bed at Straitsville. (To Sullivan, Pres- 
ident 0. O. E. R.] Am. Jour. Sci., vol. x. p. 450, 

On the Argentiferous Galena of Arkansiis. Am. Jour, Bui., vol. x, p. 
450. 

Report to the Ohio State Board of Agriculture on the importance of 
prosecuting a Geological and Agricultural Survey of Ohio. Read berort- 
the Board and to have been published, but lost when before Ihe Legie- 

Report to the Ohio State Board of Agriculture on the means nec- 
essary to elevate agriculture to a liberal art and science. Read tiefore 
the Board, etc., as above. 

Essay on the same subject, and on the importance of analyzing tbi^ 
soils, grains, and other parts of cultivated plants from various parts of 
the Unitixl States. Sent to the U. S. .\griculturBl Society as one of the 
Board, and filed for publication in its transactions. 

Report on the mineral resources available along the Lexington & Big 
Sandy R. R. {To R. Apperson, President R. R.] Published by the 
Company at Lexington, in the papers, and in pamphlet form. 
1854. 

Report on the great coal hcA in Perry county, and the ci>al lands 
available on this bed to the Scioto and Hocking Valley R. R. [To Ib- 
rael Dille, Esq.] Published in New York. 

Duties on railroad iron should not be remitted. Rail Road Record, 
ir, p. 389. 

American and foreign railroad iron. Reasons why railroad iron has 
not been manufactured more extensively in the United States. Rail 
Road Record, ii. p. 569. Mining Magazine. N. Y., m, p. i57-8. 
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On American and fiireign railroad iron. Meanflby which United 
States milrund iron cac be sold as cheaply, and on as good terms of 
credit, as the Welsh railroad irons. Rail Road Record, ii, p. 583. Min- 
ing Magazine, N. ¥., in, p. 570-8. 

On the Black Band iron ore of Ohio. Its abundaDce. Published in 
the Minicig Chronicle. 

1B56. 

Report of the mineral reeuurcea available along the Pittsburgh, Mays- 
ville & Cincinnati R. R. [To Thos. W. Peacock, President.) 

Report on the discipline in the U. S. Military Academy. 

General Report of the Board of Visitors at the U. S. Military Acad- 
emy, June, 1855. 

Report on the coal supply of Cincinnati, and a coneideration of all the 
available reaources of supply, with the cost of delivery, and qualities of 
the coals- 
Notes on the iron region and furnaces of southern Ohio. Am. Min- 
ing Chronicle, toI. x, p. 68, Sept. Ist, 1855. 
1859. 

Report on the State House artesian well at Columbus, O. 12 pp. 



THE STUDY OF NATURAL PALIMPSESTS. 

B» Q. P. OsIKBLKI, Ph. D. 

Paleontology hiis revealed a long life history from Cam- 
brian time to the present and has vainly attempted to read 
the obscure pages of the earlier history of Archean time. 
Baffled at every turn the search was abandoned, but a new 
science has boldly entered the field and the mysterious pages 
furnish a history for the petro^rapker which in interest rivals 
that of the paleontologist. 

This record is not written in fossil letters but in mineral' 
churactera, which so long have been meaningless yeoylyphics. 
In making the so-called pre-historic record nature has been 
economical in miiterials and in space. She has erased some 
portions of the ancient record with the cleansing force of fire. 
rewriting on the same tablets of stone the records of new 
<Minditions. 

The discovery that many of the records of ancient hiftori- 
cal time were written on the erased parchments of an earlier 
day and that a careful inveetigatiou would reveal many of 
the first records, was a historical triumph. The students of 
ancient languages have enriched the world by their pains- 
taking search through old literary palimpsests. In the 
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past docade the students of nature have discovered the exist- 
ence of natural palimpgesfs and they are now endeavoring to 
read the imperfectly erased records of the past, and thus add 
new chapterB to the history of the earth. To the prooess of 
erasure and rewriting these investigators have given the name 
melamorpfii^m, and the natural palimpsests are called met«- 
luorphic rocks. 

The studies of the biologist* have shown that throughout 
organic nature there is a most delicate adjustment to environ- 
ment. The researches nt petrographers have shown that in 
the inorganic world minerals are so delicately adjusted to 
surrounding conditions that changes in the latter are recorded 
by variations in the minerals. The recognition of this fact 
in recent years is the foundation of the new knowledge con- 
cerning the Archiean period. 

According to the Wernerian theory of the last century, 
crystalline rocks were deposited as chemical precipitates from 
a primeval heated ocean before life existed; they were pro- 
duced at their origin as they exist to-day. Near the close of 
the century, Hutton found granite dykes penetrating other 
rooks, thus proving an igneous origin. He then advanced 
farther and formed the interminable cycle, stating that rocks 
were decomposed by atmospheric action, the detritus accumu- 
lated at bottom of the sea, where under the pressure and heut 
it was rendered crystalline, and later elevated to pass through 
the same series of changes without trace of beginning or pros- 
pect of end. The theory of the transformation of rocks under 
heat and pressure originated at this time in this rudimentary 
form in Scotland. Bone and Necker, nearly a quarter of a 
century later, transported the theory from this plutonic re- 
gion t-o Europe where it reached greater development. The 
Alpine region, on account of the great forces at work and the 
gradations in elTects, from simple to complex, soon hecanie 
the classic region for the study of rock alterations. In l826 
Beaumont recognized that in this region the phenomena were 
not confined to the oldest rocks. He observed that Jurassic 
fossil sediments had been changed to crystalline rocks. The 
old Alps now became the new Alps and the interest in the re- 
gion was greatly increased. 
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In the process of adjustment of the rainerale or rocks to 
changes in their environment new elements are often added 
and old ones removed. If the changes take place at the sur- 
face of the earth, under ordinary atmospheric or aqueous in- 
fluences, they are included under the term weathering and the 
result is usually disintegration. True metamorpbism is con- 
nected with igneous and dynamic agencies; and while ttie 
word was flrst introduced by Lyell in 1832, it was not clearly 
defined until 1846, when Durocher described metamorphUm 
as the sum total of all modiflcatiouR in t«xture or structure 
to which rocks in nature are subjected. Daubree limited the 
definition to those modifl cations whose causes were Are and 
water, and Beaumont added the agency of mineralizers, The 
word metamorphism is now cosmopolitan, though given differ- 
ent limitations by different authorities. 

American geologists from nn early day have been prominent 
in this field of study. The pioneers composing the American 
metamorphic SRhool, Hitchcock, Mather, Dana, Logan, Rogers 
brothers, were active students of these altered records and 
they made many valuable observations. They all regarded 
the process of metamorphism as confined to the sedimentary 
rocks, a view which long retarded progress in the work. 
When foliated or parallel structures were observed in meta- 
morphic rocks they were regarded as the old sedimentary 
lines which survived the alteration. A voluminous literature 
descriptive of this limited field of altered sediments soon filled 
the shelves of science. 

Down to the year 1875 the province of metamorphic action 
was thus confined to sedimentary rocks. About this time ap- 
)>eared the epoch-making works of Helm in the Alps and of 
Lossen in the Harz, whereby it was shown that igneous rocks 
could be changed by metamorphic action. 

On account of the interesting and inviting problems con- 
nected with this study, it has attracted the attention of many 
of the younger workers; and the result has been a very great 
advance in our knowledge of these broken and crumpled 
rocks, though the vast field yet remains practically unex- 
plored. 

Metamorphism may refer to any change in rocks, but it is 
restricted now to include the changes whose conditions Itein- 
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termediate between fusion and ordinarj atmoepheric action. 
The limits are not sharply deflned, bo metamorphiBm grades 
below into igneous action, and above into atmospheric action 
or weathering. Metamorphic rocks may be further metainor- 
phoeed so that all rocks, sedimentary, igneous and metamor- 
phic, are subject to metamorphiBm. The agencies at work in 
this great process are both physical and chemical and they 
are classified according to the preponderating influence. If 
the temperature and pressure are low the action is due mainly 
to water, producing hyilro-metamorphifm, resembling very 
closely weathering. If the temperature is high and pressure 
is low, and mineralizers — gases whose presence facilitates fu- 
sibility — are present the action is described as subihnatiun- 
metamorpkism ; or, if water alone be present, the action is 
described as Ihermo-melamorphiam. Static-metumorphiim in- 
cludes those changes where pressure is mainly active and 
where motion is absent. If motion is present the changes 
come under the division of dynrimic-melrtmoiphism. All of 
these alterations take place without any material change in 
bulk composition. Static metamorphism, though not accepted 
by many geologists, has able defenders in such men as Hall, 
Judd, Spring. Dynamical metamorphism has been firmly es- 
tablished by the classic works of Meim, Lehman and Balzer. 

Metamorphism may be produced by the presence of some 
metamorphosing agent, and it is then termed coutnct meta- 
morphism. The alteration in surrounding rocks may extend 
over a distance from a email fraction of an inch up to 4,000 
feet, ae seen in the Pyrenees. The nature of contact meta- 
morphiBm depends on the duration of the action, the depth 
at which the alteration takes place, whether deep enough to 
prevent escape of the vapors and moisture or not; and on the 
nature of the metamorphosing agent whether this is a gran- 
ite, diabase or other rock; and also on the nature of the rock 
altered, whether crystalline schists, carbonaceous rocks, sand- 
stones or igneous rocks. The nature further depends on the 
structure of the rocks, whether foliated or not. as demonstra- 
ted in Brittany by Borrois. 

Rosenbusch, after a careful examination of analyses, con- 
cludes that there is no change in the bulk composition of the 
altered rocks, though Michel Levy insists that there is always 
a very considerable addition of substance. 



dbyGoot^Ie 



The Stadp of Nataral Palimpaestt. — Orimgley, 19 

The effect of uontact metaiDorphiein on the crystalline 
schists is less intense than on most of the rock types. The 
effects, consisting mainly of formation of new minerals, as 
andalnsite, siliimanite and garnets, have been described in 
the Cortlandt rocks by the late Dr. G. H. Williams. The effect 
of this form of metamorphism on carbonaceous shales is to 
form graphite, or the diamond, as in the South African region. 
The etfects of contact action on day slates have been described 
at a number of regions which serve as types ; at Barr Andlau, 
in Germany, by Rosenbusch, by Loseen in the Harz, by All- 
port and Phillips in England, by Barrois in Brittany, Brog- 
ger in Norway, In these various regions it has been noted 
that the intensity of metumorphiifm at any given point is pro- 
portional to the nearness of the intruding rock. 

In limestone contacts the conditions are very favorable for 
tracing the beginning and development of the inetumorphism. 
The limestone is observed to become more and more crystal- 
line as the intrusive rock is approached and the carbonates 
change to silicates. Tliese changes are observed in the well 
known limestone contact region near Christiana, in Norway, 
and in the famous mineral locality of the Fassathal in the 
Tyrol. Contact action on igneous rocks has been observed at 
but few plaires, It has been described by Lossen in the Harz 
moun tains. 

The pioneer in the study of dynamic metamorphism was 
Lossen in 1867. In 1878 Heim published his great work, the 
result of a long field study of the Alpine rocks, in which he 
developed the theory that even the most brittle rocks under 
pressure acted as viscous bodies and were deformed without 
rupture. Spring and Guembel endeavored to prove this the- 
ory by actual experiment, but the rocks were crushed to a fine 
powder. ■ 

In 1884, I^hman. as a result of microscopical study of the 
crystalline schists of the Alps, concluded that the rocks were 
crushed and recemeuted under great pressure, thus producing 
an effect simitar to viscous bodies, a process which might 
be described as rock regelation. These two works mark a 
new phase in the study of metamorphism the world over, 
through the recognition of the fact that foliation in rooks is 
wholly independent of original structure. Parallel arrauge- 
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ment in rockei is not proof of sedimentation, a view which be- 
fore thin time was not recognized. 

Heat, WHter and preesure are tlie great agents of metamor- 
phisni, and tiiey produce three kinds of alterations in rnclis, 
minerfil, microstructural and niaeroetructurai changes. Un- 
der mineral changes, we have among the allcaline silicate? the 
alteration termed sericitizntion, forming an interlacing net- 
work of hydromicus. Also snussuritization, embracing the 
changes whereby the plagioelase feldspar is converted into 
allvaline earth silicates. In albUizntion the feldspar is changed 
into an interloclting albite mosaic. Among the iron-magne- 
sian silicates occurs ; uralil.ization, where pyroxene is changed 
into fibrous hornblende, viridiziition or formation of green 
epidote chlorite mass, analogous to saussurttization, cklorid- 
zutioii and epidotizatiov, analogous to albitization. 

Under microstructural changes are observed the strain phe- 
nomena in cryet^le, recognized by polarized light in a wavy 
extinction of the light as the section is rotated. If the strain 
has been carried farther, gliding or twin lamella; may be ob- 
served, as in the roetamorphic marbles. Progressing to 
greater extent the minerals are bent, twisted and finally bro- 
ken into an irregular mosaic, composed of interlocking min- 
eral grains. Sometimes there is a stretching of the rock along 
certain lines, pulling the grains apart. 

Under macroatruclural changes, the most prominent is the 
formation of secondary foliation or an arrangement of the 
minerals along parallel lines, which were so long taken as 
evidence of stratification. Though this distinction between 
foliation and sedimentary lines was noted early in the century 
by Voigt, Mohs, and Schmidt, it attracted little attention. 
Later it was observed that the lines were parallel over exten- 
sive tracts, even when the rocks were crurapk-d. This was 
explained as the result of crystalline force or result of elec- 
trical currents passing around the earth. In 1846 it was 
shown to be due to pressure normal to that which developed 
the foldings. 

Such rocks which possess this secondary foliation are called 
cri/staltiiie sckisfs. This is a pureiy structural term and has 
no connection with age. While most of these rocks arc pre- 
Cambrian, there are numerous exceptions. The schists are 
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divided inta two main groups, those with feldspar and those 
without this miDeral, and the former are- called gneia»es. This 
usage makes t^neis? a mineralngicat and structural term; 
minera logical in that it contains feldspar, structural in that 
it is foliated. If the origin of the gneiss is det«rminable it 
has the original rock name added as a pretix. Thus a sec- 
ondary foliated conglomerate is called a conglomerate gneiss. 
a foliated granite is a granit« gneiss. When the word gneiss 
is used alone it represents a foliated feldspathic schist of un- 
known origin. 

Down to the end of the last century geology was a collec- 
tion of hypotheses and sacred theories of the earth. Its stu- 
dents then began to observe and record facts, and later to 
form theories based on sueh observed facts. The study of 
the igneous rocks passed through a similar course of develop- 
ment- The study of the metaraorphic rocks is now passing 
through such a course and it has entered the descriptive 
stage. It is now at the point reached by general geology in 
the time of Lyell, and reached by the study of the igneous 
rocks in the year 1870. 

The study of the crystalline schists, both of Archtean and 
post'Arcbfean time, now becomes the great field for work and 
nil over the world students are trying to trace their origin and 
formation. 

Waahbiirn College, Topekn, Knnsaii. 



THE GALENA AND MAQUOKETA SERIES. 

Bl' F. W. Sabdehun, MinnoaiiolK Uian. 

Part 11. 

New ClasslflMfiou. 
In the lirst part of this paper it has been shown that the 
local clussificatinns of the Mnquoketa and Galena series are 
discordant, and that a more complete and generally applica- 
ble system, which will embrace the elements of truth contained 
in each, ought to be substituted. The entire succession of 
strata that go to make up the Galena and Maquokcta together, 
is divided into about fourteen easily recognizable beds, that 
are, as a rule, co-extensive and continuous, and that are the 
component parte of all the locttlly designated series, forma- 
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tiona and beds. By tracing each division continuously, we 
iiavi.' H means for determining the value of each series and 
eai-h rorniBti(in,and for redui^ng them to uniformity. Thus 
it is easily proven that the basal demarcation of the Galena 
seriee ia correct and uniform throughout,as heretofore known, 
and, indeed, the same is unmistakable because marked by the 
striking contact between St. Peter sandstone and the Buff 
limestone bed. So, likewise, the top of the Maquoketa series, 
which is followed by the Niagara limestone, or by the so-called 
Hamilton limestone, is, in either case, marked by a sharp lith- 
ologic and faunal break, which is not easily mistaken. But 
not so with the demarcation between the Galena and Maquo- 
keta series, where no one horizon presents an unmistakable 
contrast as compared to any' other. 

At Galena, Illinois, the Galena formation is lithologieally, as 
it were, extended up into the Maquoketa, for the topmost 
bed, (number 10) contains a fauna belonging most properly 
with that of the Maquoketa (Hudson). Thus, also, at Du- 
buque, Iowa. In northeastern Iowa and in Minnesota, on the 
contrary, this bed has been called Maquoketa shales and mis- 
taken for the true Maquoketa because of its eediuientary and 
faunal aspect. Here, as in Illinois, are found Orthis snbqna- 
drata H. , O.tontnAenaw McChea., and varieties (or species) of 
0. testudinaria Dal., of Plectambonitta sericea Sow., of Ivcka- 
ditea and of Aaaphva, such as belong to the Maquoketa and 
not those of the Galena series. With them are others that 
are common to both the Galena and the Maquoketa series. The 
lithnlngical character of the Galena extends in some places to 
the top of this hed, bnt faunal characters of the Maquo- 
keta series are found everywhere, down to the base, and hence 
I prefer the latter for the divisional line, 

Mr. White, who first applied the name Maquoketa, intend- 
ed, as he says, to "use the name Maquoketa shales to desig- 
nate that particular epochal subdivision or formation of the 
(Cineinnati)group which alone is found in Iowa."* At the 
type locality, Graf Station, Iowa, there is extant the transi- 
tion bed just mentioned, and two other formations. The 
transition bed he certainly did not include in the Maquoketa. 
The se<tond part is the one that is described by him and by 

•Geology of Iowa, vol. J, p. 181, 1870. 
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others. The third nnd wpperinnat one was not then exposed 
there, and was not deseribed As ditferent from Ihe exposed 
portion,— which it eertainly is, — but wap included within the 
limits of the Maquoketa, nun matter of course. Strictly in 
accord with the letter of Mr. White's definition, three forma- 
tions should be included in the Maquoketa, but the middle 
one only was described by him. I propose, therefore, to in- 
clude all three under the name of Maquoketa (Hudson) series 
nnd to call the middle one Maquoketa formation. Othertvise 
the term might be rejected, as Jos, F. Junies has suggested.* 

The Galena series has been long since divided into two for- 
mations, the "Trenton proper," < If Beloit formation, and the 
Galena formation. The distinction was at first based on the 
lithological phenomena, the lower frtrmatiim having thinner, 
more compact strata, the upper, thick porous ones ; but this 
difference, which is best recognizable in the "lead region," is 
not quite satisfactory, since local alteration of the rock has 
produced the typical Galena faciea in the top of the Beloit 
formation, or again, the base of the former is little changed 
like the latter. A faunal distinction is needed in addition, 
and one is easily found. Taking the divisions as recognized 
by Prof. T, C. Charaberlin, in southern Wisconsin, the Beloit 
formation is the zone of Orthia mluFqutita Con., (O. perveia 
Con., etc.), and the Galena is the zone of Rerept/iculften otveni 
H. The Galena, as delined in that way, does not include the 
transition bed (number 10, see diagram, p. 24), and the same 
not being properly included in the Maquoketa formation, I 
have placed it as a separate formation, as part of the Maquo- 
keta series. The Maquoketa scries may now be divided ex- 
clusive of the Transition formation, into two formations of 
which the lower is the Maquoketa formation, the upper the 
Wykotf formation, as I previously designated it in Minnesota, 
and the two represent, so far ds I know, what authors have 
now and then alluded to as upper and lower Maquoketa, re- 
spectively. The relations of the Ave formations are shown in 
the diagram on the next page. 

The division line by which the two chief groups, the Galena 
eeries and Maquoketa series are divided, is only in a small 
degree more constant and distinct than those between the des- 

•Akericaji Geologist, vol, v, p. aV), 1800. 
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ignat«d formations, nnil the latter are, further, only the tle- 
marcatione between beds which are more fonstant than others. 
The beds, whit-h nre the Kinailfst diviMons that it hae been 
found practiciible to designate, are not merely subdivisions of 
the formations and series, but are themselves nearly co-ordi- 
nate units of the entire succession of deposits, that are com- 
posed in the Ave formations, or two series. And if a detailed 
description of the parts of the entire succession is to be given, 
the beds have each to bedescribad in preference to the forma- 
tions. In truth the correlation and delimitation of forma- 
tional divieionR h»ve been practicable mainly through the 
knowledge obtained from a study of the subdivifiions. 

They form a more or lesa interrupted series of deposits that 
are predominatingly tran«itional, the one to the other, but in 
part alternatingly follow one another. Regarding the single 
beds, they may be uniform from bottom to top, or composed 
of transitional series of strata or of alternating ones, they 
may be strikingly uniform in characters throughout the en- 
tire area, as for example, the dolomitie limestone at the base 
and the one at the top of the Galena series, or their sedimen- 
tary and to a less or greater degree the fauna! characters 
chan(i;e gradually between localities. The beds vary alike or 
unlike from place to place. Here and there the existence of 
any lithologic division remains doubtful, and if at the same 
place faunal evidence also fails a demarcation is locally im- 
practicable. Particularly where the alterations have obtained 
that produced the typical Galena limestone phase, much dif- 
ficulty is experienced. 

No one bed is faunally distinct from the next one, but is 
distinguishable by some peculiar association of fossils. Some 
beds have one or more abundant species that are peculiar to 
it, others are characterized by the association of two or more, 
as for example the brachiopode. Oi-thii' subtequata Con., v/hich 
ranges from beds one to five inclusive, !>nd Jlhynchonella in- 
crcbesccas Hall, sensu stricto, which ranges from five to eight 
inclusive, are associated only in bed number five. Besides 
data derived in that way from the distribution of species, 
others are to be tuken from the minute evolutionary changes 
of species. The writer has been fond of using data of the 
latter class, but it will not be practicable to give themincon- 
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neetion with the Btratigrapbic dePcriptionB because they en- 
tail tot) much discussion to permit of their insertion here. 

For the study of both migratory and evolutionary history 
of the species the diviginn into formatione is of lees vahie 
than that into beds, because detail is essentia). And since 
the purpose of the writer as paleontologist is primarily to es- 
tablish a complete and uniform scheme of elassiticnrion of the 
Galena and Maqiioketa series for further use in the study of 
the organic remains and tbe conditions under which the 
abundant fauna of these deposits lived, detailed descriptions 
of the beds will be undertaken. An earlier attempt* towarii 
that end is now repeated in part but in corrected and more 
complete form. The average thickness of some of the beds as 
given is emended, the Zygospira bed is included in the Orthis- 
ina bed, and the new name, Triplecia bed, stands for that 
which was before erroneously called Maquofceta shales, and 
the true Maquoketa formation is placed where'it belongs. In 
the section near Spring Valley, Minnesota, the true Maquo- 
keta formation is wanting between the Triplecia bed and 
Wykoff beds, and hence the mistake, for, having found the 
fauna of the Orthoceras bed in some small isolated exposures 
several miles farther south, it was supposed to belong to an 
upper Wykoff bed because it did not belong to the known 
section, while clearly belonging near the same. This mistake 
has remained already too long uncorrected, and strangely 
other writers have independently fallen into the same error, 

1. BCFF LIMESTONE BED. 

The BufF (Lower Huff) limestone lies conformably upon the Saint 
Peter Bandatone. from which it is separated generally by an abrupt 
transition from sand to clay or shale. The clay stratum, three teet or 
less in thickness, is apparently an altered portion of the regular lime- 
atone and containa Buff limestuDe fossila only. When wanting, an im- 
pure sandatouo belonKing to the Saint Peter may seem to take ite place. 

The limestone bed itself ia heavily and regularly stratiliod. 

The lamination, when evident, ia irregularly lenticular, from uneven 
distribution of impurities.'}' The stone is then very little dolomitic. In 
many loealitics the lamination has been nearly all obacured by altera- 
tion and a porous, more dolomitic limestone, or in other cases, a com- 
pact crystalline limealone has resulted. In the last named condition 

•Bull. MiuD. .-icad. Nat. Sci.. vol. iii, p. 319. 

tSee Bull. Minn. Acad. Nat. Sci., vol. iii, p. 119, and pi. 1, fig. 1, C. 

W. Hall (1889). 
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tht! fossils are iaseparable from tbt> matrix. When dolomitizatioD has 

taken place, then too few fossils remain. Nonually, however, iarffe 
numbers are found in some laminte, in the upper and middle part, be- 
sides scattered ones throughout. The latter are the less often wanting 
in altered strata. 

The bed is sometimes 33 teet tbiuk, or when reduced, 18 feet. Afcatn 
the limestone is 15 feet or less, not including two to four feet of clay at 
the base. The maiimuin thickness is pn)l>ably the primitive one. The 
stratigraphic position, the coarser structure and one species of fossil, 
Rhffiiclionella oruntatin BiW., tOAy be cited as means for determining 
this bed. \ 

2. Belleroi-hon bed. 

The new name, Bellerophon lied, is proposed here for the strata in- 
cluded under the name '*gla«s rock" in pouthwestern Wisconsin. It is 
the lower half of the Lower Blue timestone. 

The lowest stratum is ar^cillaceoua, breaks with a conchoidal fracture 
and crumbles when exposed to the weather, and thus forms in most 
capps an easily recognized contrast to the Buff limestone. The rest of 
the bed is more difficult to distinguish by lithologic characters alone. 
It is, however, more uniform and of Hner texture thsn the Buff lime- 
atone, besides containine more fiipsils which commonly make up inter- 
spersed laminre in tbe rot^k. Thf bed ie nlwut 12 feet thick at Minne- 
apolis. Minn., but has been vertically comprepscd. Tbe equivalent 
strata in Wisconsin are ir> feet thick. 

The standard of thickness is rarely deceptive. Local alterations of 
the limestone itself are common. The nunierouafaunal peculiarities, on 
the contrary, are nearly uniform, althuugh difficult to distinguish for 
they are small, Beflernphon icincoiisensiK Whitf. has not been found 
except in this bed, and although not abundant is atiil widely distribu- 
ted. B. hilolmtiia Sow. is very abundant in the lower half, but appears 
to be totally wanting in the upper half. A lithologic division were also 
perhaps practicable. 

3. Stictofobei.i.a bed. 

The upper half of the Lower Blue limestone of southeastern Wiscon- 
sin is elsewhere not simply a limestone. .4t Minneapolis, Minn., car- 
bonaceous, dark brown or gray crystalline limeetone forme the lower 
part of ihe lied in main, while intercalated clay and shale laminte at the 
base become thicker upwards and form the main part of the upper 
strata. The bed is less than half limestone. Toward the southeast tbe 
amount of calcareous material is found to increase finally to the exclu- 
sion of tbe shale. At Decorah and McGregor, Iowa, the limeBtone far 
exceeiU the marly crmstituents. At Lancaster and at Platteville, Wis- 
consin, some clayey shale still is found; at Janeaville, none. 

Tbe shale lamina are not uniform, neither are the limestone strata, in 
any locality, but the one encroaches upon the other alternately. The 
characteristic fossils, Slivtoporella fronilifera Ulr., associated with 
Rftynvhonelta ainnliei N, H. W., characterize the shalcy portions. The 
limestones are often deeply carbonaceous, and deeper coloring of iron 
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dietiDguishes them from the lower and aext higher strata Dcarlf every- 

4. Stictopora bed. 

At Saint Paul, Minnesota, tbie bed ie found thirty feet thick and con- 
Fiiets of green day, with a few thin strata of limertone that is made up 
of foeeilfi. It is marked off from the bed below it by the ooDtrasted 
purity of the cluy und by the abp^nce of certain epeciea of fossils. The 
top is separated from the nent bed along tbe undulating upper surtace 
of a Btratum of liuieBtone. 

Tbe Stietopora bed is seldoni well expored In Minnesota, but ie known 
to esiet in Goodhue. Olmsted and Fillmore counties, like at Saint Paul, 
but with fewer liroeetune strata. At Decorah, Iowa, it is exposed oD 
the north aide df the river, 16 feet, and is probably 20 feet or more thick, 
but I'ontains no limestone and scarcely Bny fossils, .^t Lancaster, Wia., 
shale at the base gradates to limcBtone with marl lamins in the upper , 
partof the bed. Farther east and pouth in Wiaconsin, (.".irbonaceouB or 
crystalline limestone with brachiopod shells pieaerved, as at Ptntteville, 
or heavily bedded dolomitic limestone, aa at Dodgeville, or limestone in 
irregular strata, with shaley lamina, as at Beloit, are local atteraliona 
of the limestone strata that there form this bed. 

The thickoees of the "Upper Buff" btd at Beloit, Wis., has been es- 
timated at 55 feet,* but is probably much less. The estimate ie difficult 
to verify. The thick neps is as followa: Saint Paul, 30 feet: Fillmore 
Ck>., Minn., 25 feet or more; Decorah, Iowa. SO feet or more; Dodgeville, 
Wis., .30 feet; Beloit, 35 t^t; Rockton, Ills., 35 feet. 

The name Stictopora bed was given by me from Sticiop^ira muiabilix 
Ulr. Mr. Ulricb has since then changed the generic name to Rhini- 
d\etya\ and has recognized the bed under tbe changed name, "Bhini- 
dictya bed, "J an uonecessary correction, 

5. FCCOID BED. 

At St. Paul, Minn., the Fucoid bed is 18 feet thick and consists of 
fossiliferous shaley clay. Twiglike fucoids or sponges are numerous 
even at the base and make up more of each successive stratum until 
at the top of the bed a solid massof them obtains. A few thin strata 
o( fine-grained, heavy limestone are intercalated, and near tbe top are 
lamins with oolitic limonite. The latter occurs as deep as to Ibe bnee 
of the bed in northwestern Wisconsin. It is found southward an far as 
Fillmore county, Minnesota. 

The sbalcy clay full of 'fucoids' at Saint Paul, becomes more and 
more ciilcoreous and the fucoids fewer towards the south and south- 
east, in Goodhue county it is very fossiliferous but is not welt qz- 
posed. The same is true in Olmsted and Fillmore counties, where this 
bed seems to be thinner, although of that one is not certain because 
tbe line of springs ia along its top and local stratigraphic changes are 
probable in all known exposures. At Decorah, Iowa, it shows alter- 

•T. C. Chamberlin, Geology of Wisconsin, vol. ii, p. 295 and 297. 
tVol. [|[. Final rep. Geol. Nat. Hist. Survey of Minnesota, p. l'J5. 
JExtr, 19th Ann. rep. Geol. Nat. Hiat. Survey of Minnesota, p. 212. 
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ation by witter which has canifd awny parte of th« cnlcan^us etrata 
leavJDff a marl tull of calcareous lumps and of toesilB. Lingvlce. show a 
vertical compresflioD of 0.1 to 0.3 of their lengfh. This bed is eeen m- 
poecd 1-") feet thick here and may be 20 (eet in all. ' Fucoida' occur at 
thin locality at the base of the bed. At McGregor, Iowa, aod at Lan- 
caster, WiscouHin, a ahaltty limestone with few 'tucoids' ropresents it. 
At Dodgeville it ie chaogeU to a porous doloniitie iinifetoDo, aot enaily 
separnble trom the Galena beds. \t Rockton, III., part of this bed is 
quarried, and at Beloit, Wis., that part of the " Upper Buff Limestone" 
that contains Chieletet iycoprrdon auct. {Prasopora contiguaVlr. 
etc.. I ie of this bed. 

The aaaociation tf^ther of Pkclitndiimitia Hfrttva &nv.. Orlliin sub- 
(eqiiata Con., Rlisnclnmellti i(H'rc()p«f*'n» Hall IK. inii-tiiieviUvin 0.| 
and large Pi-aso)Hjra, is jieculiar to the Fiicoid bed. 

6. Okthibina hkd. 

About 40 feet of strata are iDL'luded in this bed. At Saint Paul. Min- 
Deeota. 20 feet can be aoen in place. The tiret 8 feet of It I foroierly 
culled Zygoapirn be<1, hut the bhuii> falls, as now known, truly within 
the zona of OrthixiiHt nnmiifawi Whitf. and is otherwise not separable 
throughout. Both at Saint Paul and at Kenyon, MinneRota, the Or- 
thieina bed is like the Fucoid bed at Decorah, Iowa, in thHt it ia 
changed, probably recently, by water percolation until clay with 
rounded calcareouB lumps reprcrenls moat strata. Lew changed time- 
stone strata and a few compact limestone luminae form the reat of the 
Ijeii. At Saint Paul there are some calcareoua oolite and fine ripple 
marka. At Kenyon one finds manganE'se niMlulea associated with pol- 
ished, blackened and perforated surtacea of !<onie limi'stone strata. 

In Olmated and Fillmore counties this bvd is a shaley limestone. At 
Decorah, Iowa, it ie firm, gray limestone. The quarrieB at Ophkosh. in 
eastern Wisconsin, are in this bed. Elsewiicre in that state the bed 
forms a part of the typical, cavernoua Galena limestone in which few 
toesiln remain, so that complete demarcation of Ihia and the next auc- 
ireeding it is rarely possible, and is not needed. In this bed is Orlbishut 
iClititmliomlea) ainrricnm Whitf., and PiccUimhotiUfK niinixraolenais 
Sar. begins at its base. 

7. r^AMARELLA HEU. 

Upon the Orthisina bed follow strata of shaiey. sometimes carbona- 
ceous limestone, which, however, ie not so shaley ae the underlying bed 
in the same section. These strata are cimiparatively unfoseiliferous ae 
a rule, but crinoidal limestone, brachiopod strata and fossils \q targe 
nuuhers do occur. The species known from tbia section have been 
found to occur in the beds next loner and higher, and, like the Sticto- 
pora bed (4), this one is characterized more by the absence than the 
prepence of peculiar speciea. Strnphometia trilobata Owen ranges from 
this bed upwanis, and Zygo»piru vphaml W. and S., is abundant near 
Wyboff, Minnesota. 

At Kenyon, Mantorville. near Pleasant Grove, and at Wjkolf, Minne. 
sot a. exposures indicate a thickness in all not exceeding 30 feet. In 
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Iowa and Wisconsin a delimitation of this t.ed bae not lieen attempted, 

from lack of suitable obrarved exposurps with fopails to diBtinKuifih it. 

8. ' LiNOCI.ELABMA* BED, 

This bed is partly extant in Goodhue county, MinnenotH, but better 
exposures arfi found at Concord, WaBsioJH and Mantorville in Do(](i:e 
uounty, and on BPCtion 2G Hifth Forest, Olmeted t-oucty, and near Wj- 
koff, Fillmore county, Minnesota. The thickness is between 30 and 35 
feet, and the cmtncts are not difficult to distinguish, as a rule, between 
this one and the Camerella and Madurea beds. The Lingulelaamabed 
affords a Kriii liuiestone, lesBBhalej' then the one beneath it and finer 
grained than the one u|>on it. The upper strata are htKhly toedliferous. 
At Dubuque, loira, the same h easily recu^uizable. Lingulela»ma ga- 
leiieiisin W. and S. is not abundant and occurs moreover also in the Fu- 
ooid bed (3) in Iowa. Lhigula liurlbuH N. H. W., Camarella oKutonn- 
enstts Bar. and Plertambiinifes gibt>o»a W. ft S., belong to the Lingu- 
lelaema bed. 

9. Maci.l'rea bed. 

SpCL-ies of 3/ac/urea are found in beds of the Beloit formation, but 
not the very largi- specimens, M. cuueatu Whitf., which are every where 
characteristii' of this bed of coaree, porous, doloniitic limestone at the 
top of the Galena formation. In all known exposures of the Maclurea 
bed the rock shows alteration, such that internal easts of ebells are dis- 
torted or rti imbedded iu the matrix, and few foBsils except large ones 
are preserved. The thickness is about .15 feet. Good exposures are st 
Wasioja and Stewartville, Dodge county, near Wykoff, Fillmore coun- 
ty, Minnesota, near Decornh and at Dubuque, Iowa. 
lU. Tbiplecia bed. 

This name is to include what was called Maquoketa shales in my 
former description. It is the lop 30 feet of the " Galena formation" at 
Scales Mound, IllinoiB, and Dubuque, Iowa. At the latter place, the 
contact with the Madurea bed can be seen. Here the Triplecia bed 
has the thinner strata which same also have shale Inminie between 
them. Betiveen Conover and Decorab, Iowa, an exposure shows very 
mU'^h more shale than in the first mentioned locahties. At Florence- 
ville, Iowa, the contact with the Maclurea bed is again exposed and 
the crinoidat limestone in irregular strata with shale partings tliere 
seen is charucteristic. The middle and upper strata may be seen 
near by at Granger, Minn., where carbonaceous and argillaceous shale 
predominates in the middle portion and an impure, browinish-gray 
limestone forme the top. The fauna! characters place this bed in the 
Maquoketa series. Triplteia ulrichi W. and S., Plectambonilfa 
pr<ecom Sar. are peculiar to this bed and Orlhiii mtbqutuii-ata H. with 
O. kankakeniiiii McChes. are found too. 

•For the spelling of this word aee 8. A. Miller, North .'Vmerican Geol- 
ogy and Paleontology. Appendix, p. 689. 
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11. DlPLOOBAPTCS BED. 

Between tht> Triplocia bed and the DipIoKriiptua bed there is a well 
marked etratigraphic uhange and one flnds the irregular strntn of the 
former contrasted by the uDiforni lamince of the latti>r. except where 
WDcretionnry structure has ilisturbeil it. The change is not always 
from more calcareous strata to lees calcareous ones as at Graf, fowa, 
and vicinity, but farther north is nearly the reverse as at Granger. 
Minnesota, where the Diplograptus bed is a brown cnrlionaceous 
limestone underlain by ehaley strata of the Triplecia bed. 

The fauna is meagre in both phases of tbie lied and local in charac- 
ter. Three species o[ Aiiaphaii. Belleniphnn bUMxttiiH Sow., Cyrto- 
litfH onmlun, CiinuhiHa, and DiplogrujiUm are foucd in the liiueslone, 
and in the clay shale farther south are the last named with species of 
Linyuta. Not one species is peculiar to this lied. At Dubuque, Iowa, 
and at Scales Mound. Illinois, oae fiadfi thousands of small fossils in a 
fine calcareous gravel that forms two or more thin strata near the base 
of the shales. They nre (secondary fossils and do not belong to the 
fauna of this time, but are evidently from the next older beds, having 
been torn from their matrix and transported, as the rolled and worn 
condition of the shells and interior casts shows. There are lacking 
among them many species fro» the next older bods of the locality, 
which would have been as easily transported as they, and hence they 
must have come a long distance from where local conditions had pro- 
duced a difference in fauna. 

The limestone in northern Iowa Is 20 feet thick, and the clay shale 
equivalent at Graf, Iowa, is about the pame, the divii?ion line there be- 
ing referred to n position close below the calcareous layers in which 
the Or(ftocef-«s are found. 

12. Obthocerab bed. 
At the north boundary of Iowa, in Howard county, this bed is of lime- 
stone 25 or more feet thick, that cimtalns ntimerous quartz concre- 
tions and silicilied fossils, and that breaks up in its natural exposures 
into small cubical blocks much more than into slabs. It thins out 
northward or at le-astit is traceable only a few miles, beyond which the 
next higher bed (13) rests directly upon the Triplecia l>pd (lOj, South- 
ward as at Elgin, Iowa, it is 45 feet thick and Is more shaley. From 
thence, it has not been traced continuously to Graf, Iowa, but at tliat 
place an exposure, as well knowi), exists and in it 30 feet of this and 
part ol the next lower bed are s<!en. At that place the limestone is re- 
duced to a few mainly very fimsiliferous strata between which are car- 
honaceouB clay-shale depiaitB. At Scales Mound, Illinois, the shale is 
almost without limestone. 

The fauna is not more constant than the sedimentary characters. 
Id the limestones there are Orthix eimictrata H., Miirchhania milleri 
H., Clenodoutn cah'iniUk., Cleiilophorinis sp., Orthorenin, Cyrtiicerat, 
and in the shales are linguloid shells and Diplograptus mainly, besides 
some small fossils that appear to be secoudary. The fauna of this bed 
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should be eaaily reeoffnizable to the gBologisl aa not Qniena (Trenton) 
fur even in the well known trilobite bed at Elgin, Iowa, where the toe- 
sils nre a few Bpeciee unJy, one finds Ortliix kankakeniiiK McChee., O. 
ein<ieeiiii/i H., O. iiiscvlpta H. nod others that are do other thaa Ha- 
qtiokctii (Hudsun) foesile. But in this bed an in the DipiograptuH bed, 
OrtkhsiihqundrataH.andStnyphomenntrilnbata Owen (S. //e.Tuoxu 
Bill.) and perhaps for tbatrrason it has been luistakon for "IVenton." 
13. Leptjina bkd. 

The Buccpfaion of small exposures that are found along the railway 
weat of Wykoff. Minn., represent about 3D fe«t of fioe-graiDed, soft 
liuieetone that thern ciirnpoees this bed. In some i^rata fossile are very 
DUiuerous, often silicifled. but are not aceorapanied by quarts concre- 
tions. Near the Iowa and Minnesota tmundary, by Granger and Flor- 
enceville, it is found with the next Inwer bed often in one contiguous 
exposure. It is distinguished from the Orthocerae bed by the manner 
of weatbering into slabs instead of into blocks, and likewise by afaunal 
change. Near Poetville, west of Slgin and near Eldorndo, Iowa, it is 
to be seen and is fully Tfi feet thick, conBiptiuK- of limestone at the 
top and of lime and clay or chiefly clay in the middle or lower portions. 
At the haee there is a sudden transition to the purer limeetone of the 
Orthoceraa bed. « 

Farther eouth it haa not been observed, except tbat there is a great 
bed of uufosfiliterous, impure clay, evidently extant in its supposed po- 
sition at Graf. Iowa. East of Bcales Mound, Illinois, a very impure 
limestone, seen SO feet, is probably the same, but there were found two 
species of trilobitee (Asaphue) only and they are common to all beds of 
the Maquoketa neries, hence it is not certain that the strata in question 
do not belong to the Orthoceraa bed. At Graf, Iowa, and northward 
no foasile were found until reaching Elgin, but thence northward t^i 
where the bed is entirely removed in southern Minnesota foseils are 
more abundant, some strata near the top being tull of them. 

Orlhis nubquadrata li., PlnvtnmbonUet recedenK (Sar.) and Rliyncho- 
nella perlamellosa Whitf., are very abundant in the limestone; the first 
IB known only from this and the Triplecia tied (10), the other two in this 
and the succeeding bed only. Species of Leptccna are most abundant. 

An interesting fauna is found at Wilmington, Illinois, in ehales close 
below the Niagara limestone, and it is evidently the equivalent of this 
bed, or possibly of the next one. 

14, Obthib bkd. 

Upon the Leptsena bed at Spring Valley. Minn., near the type expo- 
sures of that limestone, there is found in many exposures a bed of 
mixed lime, clay and quartz sand in ditferent proportions in different 
strata. The bed in this locality is subject to flooding by water that 
pours out of the crevices in rainy seaBons, so that one can not rely upon 
the condition of the strata as positively primitive, but some eandstone 
strata with fine mud-covered upper faces that are here found are possi- 
bly proof of a litoral deposit. There are very few fossils, and in the 
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upper part, which is an eaitily difintegratei) mnrl, one finds none. The 
few known foseils here appear to be secondary, and one would not be 
able to Bay tbat this ie not a part of the immediately superimposed De- 
vooinn were the bed not traceable southward, 

The base of tbo bed is a quartz and lime sHndstotie of coarse texture. 
Nearly the eame strata are to be eccd two miles west of Grauf^r, Minn., 
on the fctate boundary by the road, but nowhere does a complete section 
of the bed come to view, and but few fopsile are found. NearEldorddo, 
a few miles west of Eljnn, Iowa, 15 feet of clay with fine sand inter- 
mixed* is seen iu place between the Leptecna bed and the Niagara 
liuieatone. Near Brainerd there is an inter laminated fossil limestone 
and clay of varyiQg thickness, from zeio to six feet, which in part fills 
up depressions on the undulating surface of the sandy clay. One finds 
the same along the railway one mile west of Kidder, Iowa, and fossils 
from it are found at Graf, and are reported from near Shullsburg, Wie- 

The clay and liiuestone top is exceedingly tossiliferous, but the spe- 
cies in it are not different apparently from the few poorly preserved ones 
from the main t>ody of the bed. t therefore regard it as one of the len- 
ticular toFsit strata tbat may be found likewise deeper down in the bed 
like the one in this bed iit Iron Ridge, Wisconsin. 

The Orthis bed is much less sandy at Graf, Iowa, than at Eldorado, 
and perhaps not ea thick, but regarding the thickness there are nu re- 
liable data to be had except that there is room tor very many more 
strata between the Galena and Niagara formations than have been 
supposed. The Maquoketa series is nearer 200 feet than 80 at Graf. 

In this bed are OrthU uccxdentalU H, and the typical LepttEita 
unicostata M. and W. with RhynchontUu aiitico»tienei» Bill. 

The top of thisbed nearlyalwaya is variegated red, blue and yellow 
with iron. At Iron Ridge, Wisconsin, the " Clinton" iron ores rest 

The above brief descriptions will, it ie hoped, enable others 
to reaognixe the true relation of pnrts of the Galena and Ma- 
quoketa aeries. The deecriptionp are by far not complete, for 
but little attention could be given to analyses such as would 
be necessary for the determination of sedimentary and petro- 
logic characters, and very much remains to be added in the 
way of exact measurements of the strata, as well as in that 
of tabulating the faunas. The beds described could no doubt 
he traced through northeastern Wisconsin, upper Michigan, 
St. Joseph's island, etc., and probably they may be recognized 
in part, at least, in Missouri, Kentucky and New York. What 
is lacking in this paper may be the subjects of others ; what is 

*I am indebted to Mr. Grant Finch, principal of the high school at 
West Union, Iowa, for knowledge of this good exposure and others in 
that district. 
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presented is intended to ennble geologists who nre confined to 
restricted areas, to present their observations in such form 
that they may be of greater use in the study of the history 
belonging to the Galena and Maquoketa deposits and their 
faunas. 

The beds one and two have had nearly the same primitive 
sedimentary characters throughout, and their faunas are like- 
wise uniform in areal distribution. Beds three to five are 
limestone in the south and east, but mainly elay of shallow 
water deposition to the northwest, and their faunas are found 
to be locally ditferent, in part becanse of different degrees of 
preservation, in part because some species like Ovthis dejiecia 
Con., never existed except in the limestone areas. From the 
base of the Galena towards its top there is a gradual con- 
vergence back to a widely uniform condition. The bed No. 
10, that forms the transition formation to the Maquoketa 
series is less lacking in uniformity than its outward appear- 
ance would indicate. The beds of the Maquoketa formation 
(11 and 12) have local phases in predominance and merely the 
dark, carbonaceous color is the widest noted character. The 
Maquoketa formation is intercalated into the series, so to say, 
and only towards the top, and more particularly in the suc- 
ceeding Leptiena bed is there a return toward the character- 
istics of the bed ( 10) beneath it. In the last of the series of 
beds there is evidence that a shore was not far north of the 
Iowa and Minnesota state boundary. And the top of the bed 
in Iowa shows evidence of iron deposits, as it does notably in 
eastern Wisconsin. In Wisconsin, Illinois and Iowa the Ni- 
agara limestones, in southeastern Minnesota the Devonian 
rests upon the Maquoketa series, there being thus a varying 
interval of no deposit following it. 

One cannot fail tn note the large numbers of Trenton and 
Hudson species of fossils that are found in the Galena and 
Maquoketa respectively, but there are instructive differences, 
such as the continuance of the Trenton form of Orlhis { Platy- 
Ktrophia) bifnratn from bed No, 6 through both Galena and 
Maquoketa series, the Hudson '■ varieties" 0. lynx, 0. acnlil- 
t'rala etc., not being found. Again the t rii obi le genus Illimiix 
is strangely not represented in my collections from the Ma- 
(luoketa series but isfound in all beds of the Galena series. 
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For that same and for the range of the Maclurea, Secepfacu- 
litea etal. we have not sufficiently full explanation. To un- 
derstand the history of the physical changes and fauna! mi- 
grations in this area, will no doubt be the surest means for 
explaining in a aatisfactoiy manner the relations to the tjpe 
Trentonand Hudson. For the present, eorretatione into dis- 
tricts into which we cannot truce the beds by stratigrapliic 
continuity, are to be assumed with caution, prompted by our 
knowledge that quit* recently we have not been entirely suc- 
cessful in correlating not distantly separated sections of the 
Galena and Maquoketa series by the lithological and paleon- 
tological methods. 

RULES AND MISRULES IN STRATIGRAPHIC 
CLASSIFICATION. 

By Jl'lbs Mabcoi.-, CnmbriiUe. Uisb. 

I. 

CONTENTS. 

Pao». 

GirBud-Soolnilo.-WiUlBm 9ini(h.~Alex. BronnnUn Si 

Classiacatlonort.hBNliitraniwith theOl.) Red Sandstone a» 

Clasxiflcacionof the Tflconic with the Hudson River SS 

The Georgia fora)atioinir£Hif)((iCffift'<iiitic>uo,,. ., 39 

Phillipsburah and Pointe-L6Tis formatioD « 

Geology of f'liMy »iUa([e tG 

Ofologyat ShorebBiD (VacmontJ 18 

Girtind-Soulavie. — William Stiiitk. — Alexandre Brongniarf. 

At first the great etratigraphic classiflcations were made 
according to some great area of geological distribution of 
rocks having the same petrography, or at least having a cer- 
tain similitude as regard the lithology and the colors of the 
main strata; such as the chalk, the Red Sandstone, the Jura 
limestone, the slate, the carbon or coal. Great breaks and 
discordance of stratification were also used, us well as trans- 
gression and retrogression of the strata. And according to 
those simple and most striking rules easily recognized in prac- 
tical geology, the strata were divided into the Primary, the 
Transition, the Secondary, and the Tertiary periods or great 
systems, and into the Grauwake, the Old Red sandstone, the 
Carboniferous, the New Red sandstone, the Lias, the Jura 
limestone, the Cretaceous, the Calcaire grossier, etc. 

Then came the "medals of' creation," or fossil organic re- 
mains. The first who recognized that fossils differed accord- 
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ing to their age and the superpnRition of the.atrata in which 
they are found was the French abbe. Giraud-Soulavie, who in 
1777 published this new principle in liis works on the south 
of France, and particularly on the geology of Vivaraie. (Bh- 
loire natvrelle tie la France Meridionale, 7 vol. 8vo, Paris, 
1780-1784. The Chapter VIII, in the first part, containing 
the chronology of fossil animals, according to the Btrata in 
which they are found, was written in 1777, and read before 
the Academy of Sciences of Paris, the 14th August, 1779.) 

Without knowing the researches and discoveries of the 
abbe Giraud-Souluvie, William Smith, in England, from 1764 
to 1799, derived identical principles: and in 1799 he wrote a 
tabular view entitled, "Order of the strata and their imbed- 
ded organic remains in the vicinity of Bath, examined and 
proved prior to 1799," which. although itremuined manuF^cript 
until 1844, was copied and largely circulated among English 
geologists. It was not until 1815 ihat Strata Smith, as he is 
called, was able to issue his "Geological map of England and 
Wales, with part of Scotland"; and only in 1817,1818 and 
1819 that finally he published his two works, "A stratigraph- 
ical system of organized fossils," and "Strata identified by 
organized fossils." 

Curiously enough, both Cuvier and Alexandre Brongniart 
did not know the discovery of Giraud-Soulavie, a Frenchman 
like them, nor of William Smith ; and in their studies of the 
Paris basin they came to the same conclusion, of strata iden- 
tified by organized fossil remains — a remarkable coincidence, 
which, although the question of priority is unquestionably in 
favor of Giraud-Soulavie, shows that the progress of knowl- 
edge of strata and fossil remains had arrived at that period 
when a new and most important st«p was to be taken. 

Cuvier and Brongniart came at a moet opportune moment; 
and their capital work, " Essai sur la geographic mineralo- 
gique des environs de Paris," written and presented to the 
Council of Mines, in Paris, in 1607, was issued first in the 
Journal des Minen, 1808, and two years after as a separate 
volume in 4to, Paris, 1810. It is called by a brother geolo- 
gist and a contemporary, J. J. d'Omalius d'Halloy, " I'ouvrage 
le plus capital de notre ei^cle {au point de vue de la geologic), 
puis qu'it coDtient le premier germe de la revolution qui a 
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cree I'etat actuet de cette etiience, e'eat i. dire, qui a applique 
la pal4ontologie k I'ptude da I'ecorce dii globe terreetre,"* 

Brongniart pufhed the disfovery farther on and gave to tli« 
principle an extension, so great and so beneficial to progress, 
that after him little was left to establish the rule not onlj all 
over Europe, but to extend it to every continent and island 
in both hemispheres. It is in his memoir, "Sur les caract^rcs 
znolngiques des formations, avec I'application de ces caract^res 
a la determination de quelques Terrains de Craie" (Extrait 
des Aitnale* den Mines, 1821-22, Paris), in which we read at 
p. 9, " Je regarde done lea earactt'res d'efni'/ue de fortiuitinn 
tires de I'analogie des corps organises, cnmme de preuiifireva- 
leur en geognosie et conime devant I'eniporter siir toutes les 
autres differences, i^iielques grandee qu'elles paraissent." 

That paper of Alexandre Brongniart is so important and so 
little known on this side of the Atlantic, that I am induced 
to quote two other yent^nces: "Je ne protends pae direcepen- 
dant que les caract^res tires de la position relative dps cou- 
ches, de leur nature (petrographie) etc., ne doivent pae etre 
employes, m^me avec contiance, par ie gcologue pour deter- 
miner differentes epoques de formation; seuU ou reunis avec 
ceux qu'on tire de la nature des corps organises foesiles, ils 
unt la plus grande valeur; mais je pense seulement,et je crois 
avoir demontre de puissants motifs de cette opinion, que 
lorsqueeee caractfires sont en opposition avec ceux qu'on peut 
tirer de la presence des corps organises fonsiles, ces demiera 
doivent avoir la preference." " Je ne dissinuile pae qu' il faut 
apporter beaueoup d'attention et de menagement dans I'em- 
ploi qu'on en fait. Je n'ignore pas qu' il faut savoir dietin- 
guer et evaluer nieme I'influence des distances horizontales ou 
des climats sur les differences speciliquee; qu' il faut savoir 
apprecier les ressembtances appar«ntes, quelquefois meme 
reelles, que presentent dans des formations evidemment tres 
distinctee quelquee esp^ees qui ont eu le privilege assez rare 
de survivre & la dtistruction de teurs contemporaine, et de 
reeter toujours les ni^mes au milieu de tous lee changemens 
qui se sent passes autour d'elles, etc." {Loc. cit. pp. 10 and 

iM 
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So according to the author of the palieontologicril rule for 
determining snd classifying strata, it must be used with a 
great deal of care, and much attention must always be paid 
to similar forms of fossils and even to u few identical Bpeeies 
which enjoy the privilege to survive their contemporaries. 
Finally the horizontal distanees or olimats. as Bmngniart 
says, exert an influence which ought to he carefully weighed. 

Let lis see how those rnles have been applied in the olassi- 
Acation of strnta in North America and point out the misrules 
made which have kept back so persistently the progress of 
American geology. 

Classification of thk Niagara gboop with the Old Bed 
Sandstone. 

The first important misrule in America is found in the 
Second Aitnunl £epoi'^, Geological Survey of New York, p, 
291, Albany, 1838, where the author of the report of the fourth 
geological district, after classifying the Niugara group with 
the Old Red sandstone of Europe, says: "The evidence for 
this conclusion rests, in part, upon the organic remains, and 
if we can rely on these characters there appears little ques- 
tion regarding the age and position of our rocks" So. ac- 
cording to the writer of the report, the Niagara group is to be 
classified as being above the Silurian system of Murchison, 
instead of being the main and central part of the Upper, or 
true Silurian, an erroneous correlation and classification due 
to paleeontological mistake. 

Classification of the Taconic System with the Hcdsdn 
River group. 

The second misrule by the same writer is even more impor- 
tant, for it suppressed a whole system, the greatest in regard 
to tliickness of strata — about 25.000 feet — and the first link 
in the great chain of fosfiil remains which have existed on 
our globe. Here the mistake was made by the wrong deter- 
raination of fossils, mainly trilobites, and a no less erroneous 
idea of wrong stratigraphy and wrong lithology, almost in- 
credible, for it was made not only against all the rules of 
stratigraphic classification, but against an exact description 
and classification of those strata made by the SIrutn Smith 
and Alex. Brongniart of North America, the late Dr. Eben- 
ezer Emmons, who had called them the Tacoiiii: gyi^tem, con- 
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tnining a epecinl fauna. The result nf that rajxrule waB a 
complete slop of progresp for the Lower Paleozoic roeks of 
North America from 1847 until 1860, and even many years 
after, notwithetanding the reBearuhen and puhlioatione not 
only of Emmons, but also of Barrande, Billings and the pres- 
ent writer. 

The misrule adopted by the opponents of the Taconie sys- 
tem operates still ; in a less degree, it is true, but it is suffi- 
ciently strong to create great confusion in the cInssiflcBtion 
of those strata in the Appalachian region. New England, New 
York, Canada and western Newfoundland. In including 
Canada I do not mean the whole Canada Dominion, but only 
the old Canada or Province of Quebec ; for in New Brunswick 
and Novn Scotia excellent and very remarkably good work of 
elassification and correlation, based on exact palaeontology 
and also on the etratigraphj', has been d<ine by Mr. G. F. 
Matthew. 

The mistnke?are still so important and so numerous that 
it is necessary to see each case and point out how the rules of 
palieontological clasfiification and correlation or equivalency, 
MS well as the principles of stratigraphy and lithology have 
been violated and misused. 

The Gboroia foriiatiok or EUiptocepknlus (called some- 
times Olenel/vs) zone. 

After a study of the fossiliferous locality of Georgia, Ver- 
mont, and its vicinity, the present writer classified the Geor- 
gia formation with its characteristic Mlliptorephahis (Olenel- 
/(/*) thompxfini as the upper part of the Middle Taconie 
(called by some Middle Cambrian, not of the original Cam- 
brian of Sedgwick), and placed it above the St. John forma- 
tion of New Brunswick, Massachusetts and Newfoundland, so 
well oharacterized palteontologically by its numerous and 
large I'arndoxiden. We mustadd, thatthedirectsuperposition 
of the beds containing EUiptocephahi)i (Oleiiellun) over tbe 
beds containing Pfti-'idorideshne not yet been found anywhere 
round Georgia, nor in the whole Appalachian and Quebec 
regions. The classilication was made palseontologically ; and 
one of the best and most exact paliuontologists, the late S.W. 
Ford, did go so fur as to show the embryologie relations of 
EUiptiicepkalus (OttHelhin) with Purndoxides; Etliptocepkalm 
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being a metamorphosis and a descendant of Pavadoxideg* 
Strutigraphically, at Swanton, the ElUptocephalua zone is in 
contact with the Phillipsbitrgh formation, and it is folhiwed 
toward the Green mountain range east of St. Albans by a 
thick black shale formation, in which no fosgite have yet 
been found. 

Now comes one of those cases of exact determination of 
generic form, on which depend not only the correlation or 
equivalency of strata at great distance, but also the rule of 
stratigraphic classification. Below the zone of Paradoxides 
in ScHndiuavia, and in clooe contact with it, a fauna was 
found with a trilobite, which after being referred to Para- 
doxides was Anally adjudged as l>e!onging to the American 
f^nus EUiptucephnlaa (Olenellua). The result was that the 
ScandinaviaD geologises insisted on placing the KUiptocephu- 
liiit ^OIe^lellu») zone below the Pnviidoxidet zone. However, 
a Swedish palieontologigt of the first order, Mr. G. Holm, gave 
a detailed description of Olenellus [EUiptocepiialuK) kjerulji, 
insisting on the dilferences existing between that species and 
the true Elliptocephalun (Olenellus) as well as the true Para- 
doxidea; for him it was a new genus; but he did not go so 
far as to give a name to it. The learned palteontologist of 
St. John, Mr. G. F. Matthew, agreed entirely with Mr. Holui, 
and justly and most appropriately gave to that new genus of 
trilobite the name Holmia, in honor of Gerald Holm. As the 
other fossils accompanying Holmin kjeruHi are entirely dif- 
ferent generically from those found at Georgia, the cirrela- 
tion of the two formations in Scandinavia and Vermont, is a 
mistake made by a palieontologic misrule, due to an errone- 
ous determination of fossil remains. 

Then came ft most unfortunate interposition of the paleeon- 
toiogist of the United Stales Geological Survey. In August, 
1888, Mr. CD. Walcott, in looking over the stratigraphy of 

*Ford showed the mistake of referring the trilobitee first described 
liy EtnmoDS na tJtliptocephalus nsaphoidea lo Olenu«, in calling it Vle- 
nelltin, when insteail of being related to Oli^nas it is much more close to 
Pariifloji^idex, reproducing in its embryoliigy the foTiaot a Pnradoxiden. 
In fact, the name so general!; used lately ouicbt to be dropped entirely, 
tlrst, OD question of priorih-, and second, on account o( the mistake 
made in regard to all the European and eastern Newfi>uQdlaod speci- 
mens, which do not belong to that genus, but are truly another genus, 
called by Mr. Matthew Holmia. 
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eastern Newfoundland, so wl'II worked out by one of the Pro- 
vioeial geologifstB, Mr. J. P. Howley, found at Manuel's brook 
a new railroad cutting, showing a good, fresh coction with well 
preserved fossils, and among them a trilobite which he classi- 
fied as belonging to the genua JC/li/itocephatui {Olenellus), 
calling it Olenellus brOggeri. Against all palteontologieal rules 
established by Alexandre Brongniart, which demand similar- 
ity and even identity of forms of fossil animals to correlate 
one formation with another, the beds of eastern Newfoundland 
containing Elliptocephahts (Olenellits) br&ggeri, were regarded 
as the equivalent of the Georgia beds of Vermont, The two 
faunas have absolutely nothing in common: on the contrary, 
the eastern Newfoundland fauna contains forms of fossils all 
older than the Georgia ones, for even the Elliptucepkalun (' Ole- 
nellus) is not an Olenellus, but a true flohnin. 

Following are the lists of Georgia and Manuel's brook, as 
given by the Bulletin of the U. S. Geological Surrey, No. 81, 
at pp. i60'261 and 278. At Manuel's brook the fossils are: 
Obolella iitlantica, Hyolilhellns viicans, Ilelenia bella, Hyo- 
lilhes priiiceps, U. impai; If. qaattricostatus, II, tiviilis, II. 
terrnnovicus, Scenella reticulata, Stenotheca rugosa, varieties 
acuta, coata, erecta, liKvis, AiiA pauper, Platyccras pr time cum. 
MicrodiscHS keleiia. M, speciosus, Olenellus {II.) brOggeri, 
Avolonitt manwelentia, Agrnvlos {S.) slrenuus and var. nasulus, 
Soleiiopleara bombifrons, S. harveyi and S. kowlegi. 

At Parker's quarry, Georgia, the fossils are: Palo-.ophicus 
incipiens, P. congregatus, Diplograpliis simplex, Chmacograp- 
tua t emmonsi, Kutargina cingitlatn, Orthixina orientalts, 0. 
festinata, 0. transversa, Microdisciis parkeri, Mesonacis ver- 
montana, Olenellus ihompsoni, Oleniodes niarcoui, BathyivAus 
holopyga, Ptychoparia adamsi, P. vulcaniis, Protypus hltek- 
cocki, P. seneclus and P. senectus var. parculus, and it is im- 
possible to account for the abfioliite difference in the two fau- 
nas, by the great distance, for the true Georgia formation, 
with its characteristic fossil, the EUiptocephalus (Olenellus) 
thompsoni, has been followed through the entire province of 
Quebec, ns far as the peninsula of Gaspe, and even on the 
western, or French shore of Newfoundland, where a well- 
preserved bead of fiJllipfocephalus (Olenellus) tliompsoni vr&s 
found by the late J. Richardson, of the geological survey of 
Canada. 
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Seveml papers, of a chnraeter rather sensational, were pub- 
lished here and also in Kurope, by the palieontologist of the 
U. S. Geological Survey, and the result as stated, in the book r 
Correlation papers — C«;nir(«M, "Bull. U. S.Geol. Survey," No. 
81, p. 360, Washington, 1891-92, is the phicing of the Georgia 
formation in the Lower Taconie (called by some Lower Cam- 
brian), below the Paradoxides zone of St, John (New Bruns- 
wick), of eastern Newfoundland, and of Braintree (Massachu- 
setts), which then is regarded as Middle Taconic (Middle 
Cainbrian). 

Several years have passed since the publication of the view 
and opinion, e.vpreissed with some emphasis and remarkable 
assurance, in the volume Correlntiov papera — Cainbrian; and 
nothing has been found to sustain that classification; on the 
contrary, the best experts for trilobites in America consider 
the EUijtUicephalvn (Olenellug) thompaoni of Georgia as 
generically different from the Oleneltus brdgfieri ot Manuel's 
brook. The latter probably is congeneric! with Olenellug kjcr- 
ciljl, of Scandinavia, and both species — 0. hrOggeri jind O. 
kjeruljl — belong to the genus fl'^/wiVi, entirely different from 
the genus EUiptocephalus (Olenellus) of Georgia. So we have 
an example of confusion in the classification and correlation 
of strata brought up by an erroneous determination of a ge- 
neric group of trilobites.* 

What a strange destiny for the Georgia trilobite; first, it 
was det«rmined as an Oleima instead of an JHIli/itucephnlus 
and placed strutigraphically on the top and consequently 
above the second fauna, instead of belonging to the primor- 
dial fauna; second, it was taken from the OUnux and called 
Burratxtia. then afterward OteiieUu» and considered as a 
Potsdam fossil, that is to say, placed at the summit of the 
Upper Cambrian. Finally it was placed at the bottom of the 
Lower Cambrian, running a rac« through 26,000 feet of strata 
and two great geological epochs of the earth. And now it is 
restored to its exact place, in the upper part of the Middle 
Taconic (Middle Cambrian). 

*The present writer pointed out the miatabe in referring the New- 
foundJand trilobite to Olenellim instead of the fjenuB Hiilmia, as soon 
an it was published ("The Lower and Middle Taconic of Europe and 
Nortli America, 1890"), and recalled it in his paper of 1892; "The Geo- 
logical map of the U. S., anil the U. S. Geological Survey," p. 53, but to 
DO purpose, so far as it concerned the U. S. Geological Survey. 
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The Phillipbbukgh and Points: Letis formation. 
We come now to the second misrule in the otaRE^i ligation of 
stratu belonging to the lower Palieozoit- rocks. Dr. Emmons 
recognized below the Calciferoue group the Potsdam sand- 
stone, which according to his observations is the bottom group 
of the Champlain division: and below the Potsdam ho saw 
an enormous series of strata, 25,000 feet thick, mainly elatee, 
which he called most appropriately the Taconic syBIem. At 
dilferent levels in that system Emmons found magneeian lime- 
stone, some of which he called Stockbridge limestone, or 
marble, of Berkshire county. 

He was confronted with a strnti graphic anomaly, which as- 
tonished hira considerably, finding now and then a limited 
deposit of limestone, generally more or less magnesian, but 
sometimes of pure or even marly limestone. Thtse deposits, 
he thought, were pocketP of more reoent limef»tone deposited 
in holes of the elates {Taconic elates) and belonging, accord- 
ing to a few fossils collected at different localities, totheCul- 
ciferous group, or to the Chazy and Black River divisions, or 
eveu to the Trenton limestone. Dr. Emmona maintained that 
there was a well marked discordance of stratification between 
those beds of pocket limestones and the Tiiconic slates sur- 
rounding them. It is true that a sort of unconformity, or, 
more exactly, of dilfuse stratification exists between the slates 
and the small islets of limestone, due to the structural nature 
of these islets, which 1 admit are rather puzzling and difficult 
to account for. The first time I came in full view of some of 
them round St. Albans, Vermont, in 1861, I had no difficulty 
to see that they were lenticular masses of magiiesian lime- 
stone, depoiiited at the same moment and inclosed in the 
slates, and consequently contemporary with the slates. But 
at Phillipsburgh, Canada, those islets of limestone are so nu- 
merous and so elongated as to present — at first sight — the as- 
pect of a regular deposit of limestone analogous to the depos- 
ite of the Chazy liraectone at Chazy village. It was when 
working out the stratigraphy of Pointe Levis, opposite Que- 
bec, in 1861 and 18ti'2, that at last I became convinced that 
all those outcrops of limestone were inclosed in the slates and 
of the same age as those sIat«B, and that the fossils found, 
now and then, in some of those limestone islets, instead of in- 
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dicatitig that the age of come was Calciferoun, others Chazy, 
others Black River and others even Trenton, belonged to a 
special fauna, older than the second fauna or Champlain di- 
vision of Dr. EmiuonB; they are in company with forms re- 
calling the primordial fauna or true Taconlc, but are new 
forms which developed completely only in the period of the 
second fauna proper and were found at Pointe Levis and 
Phillipeburgh, only in a sporadic state without the great de- 
velopment they attained during the deposits of the strata of 
the second fauna. In one word, we have in some of those 
limestone islets the phenomena of colonies, as defined by 
Barrande. After careful surveys at Point* I^evis, Quebec 
city, Pbillipsburgh, Higbgate-fall, Highgate Springs, Swan- 
ton and St. Albans' bay it was evident that we have there di- 
rectly in contact and in perfect etratigraphic conformity with 
the Georgiu formation a mass of strata, mainly bla'ck slates, 
of a tbickncse at least of 5,000 feet, containing now and then 
lenticular masses or islets of limestone, sometimes very nu- 
merous and forming large massifs like that at Fhillipsburgh 
and Shoreham, and at other times very limited and even dis- 
appearing entirely. 

That mass 6i black slates, with lenticular masses of lime- 
stone, can be divided, on palieontological ground, into two 
parts, the lower one containing at Point« Levis quite a large 
number of primordial fossils belonging to the following gen- 
era: Dikelocephaftis, CirnocephaUte^ { Ptychoparin),Meiioceph- 
iilun, Affnostux and Metoploma, mixed with spet^ial forms of 
marine animals entirely unknown in the typical second fauna 
of the state of New York and Canada, namely: Bnthyuras, 
liathyitreUua, liemopleuriles; and Anally a certain number of 
forms which developed fully during the second fauna, and 
are found in the Taconie black slates, only in a sporadic 
state, being always rather rare, such as lUarnm, Ampyx, 
Chciruras, Agujfhus, Aviphton and Harpea. Brachiopoda, 
Gasteropoda and Cephalopoda, as well as graptolites are also 
numerous at different levels of that group of strata; but the 
species are generally confined to the Upper Taconie, and only 
very few of them pass into the rocks of the second fauna 
proper or Champlain system {Lower Silurian of some or Or- 
dovician of others). In fact, we have in America the same 
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phenmuenoD of mixture of forms of the primordial and sec- 
ond fiiunae as exists in Wales, and in England in tlie Trema- 
doc group and the Arenig or Skiddaii group, and at Holf in 
Bavaria. It is important to recall tliat the Geologioal Survey 
of Great Britain, conducted by Sir Andrew C. Ramsay, found 
during 1875 that fossils passed from the Tremadoc into the 
Arenig, ten or eleven species, according to Etheridge, the 
palieontologiet of the survey, and that between the Arenig 
and the Caradoe beds (true Ordovician or second fauna) 
eight species also passed, showing beyond any doubt that 
species are no more immutable in their position of strata in 
Europe than in America. 

As far back as 1862. the present writer divided the Upper 
Taeonic into three parts, calling the lower part Fointe Levis 
or Phillipsbiirgh group, with a thieknefis of 3.000 feet; then 
the middle part called Swanton slates or City of Quebec group, 
thickness, 2,400 feet;and finally the Potsdam sandstone, three 
hundred feet. Everything published since, by friends and 
opponents of the Taeonic system, has proved the fitness and 
value of that definition ; only it is very hard for those who 
are accustomed to call Calciferous formation, C'hazy, Black 
River, Trenton, and Hudson River groups, all the outcrops of 
some islets isolated among the black slates of the Taeonic, 
containing a few fossils, recalling, in a small scale, those for- 
mations, to accept their mistake, preferring to pass over and 
neglect all stratigraptiical, lithological and even palteontolog- 
ical rules. Of course they are involved in an ocean of dilfieul- 
ties, but nothing stops them, and they hope, with proper use of 
faults— even when faults cannot be seen — and dilferent facies 
and thickness of formations to explain, satisfactorily at least 
to themselves, that the Phillipsburgh series belongs to the 
Calciferous formation and the Quebec City or Swanton 
slate series, in part, to the Cliazy, Black River, and Trenton, 
and even in some part to the Hudson River (Utica and Lor- 
raine shales), the most heterogenous mixture and chaotic clas- 
sification that it is possible to imagine. Some quotations of 
some of the last classification used by some observers, will 
give an idea of the confusion brought about by misrules. 
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Geoi.oqt of Chazy Village. 
The classification of the Chaiuplain divisions-called first 
by Sedgwick Cambrian and afterward Upper Cambrian, and 
by sorae Lower Silurian and Ordovician — wae made by Dr. E. 
Emmona, and a full description given by him in his final Re- 
port of the Second DUtrict of the Geological Siireey of Jfew 
York, pp. 103-132, Albany, 1842. The village of Chazy with 
its environs on lake Charaplain was taken as a typical place 
for the section, and many geologists have been there since, 
visiting nnd studying tiie fine section, showing all the strata 
from the Potsdam sandstone to the Utica slates. Here is a 
resume of the section as 1 took it on several occasions, extend- 
ing from 1849 to 1863. In discordance on the Potsdam- 
southwest of the village of Chazy — we see about 260 feet of 
Calcifkrous sandrock. containing only four or live species of 
fossils, such as Orlhi'a. Strophomena, ScaliIeK and numerous 
fragments of crinoids. 

Above it we have the Chazt liuestone; about two hundred 
feet in thickness, containing a quantity of fossil?, such as 
Maclurea vuigna, lieUerophon, Aenphus, Stenojmra, Ortho- 
ceras, Shynchonella, crinoids, stems, etc. 

Then come the Birdsete lihgstohe and Black River por- 
HATioM, called also Black Uabble of Isle la Mottb ; thick- 
ness about forty feet, containing fossils belonging to Isotelus, 
Orthoceras, Maclurea, Leptaina, etci 

Above it we have a fine development of a blue limestone, 
known as the Trrntok limestone, four hundred feet thick, 
containing a very large number of fossils such ns fragments 
of the large Inotelua gitjas, Calymene, Trtnacleus, Etiompha- 
liis, Marchisonia, Avicula, Bellerophoa, Ortkis, Lepfatna, 
Atkrypa, etc. 

Finally, we have resting on the Trenton the Utica slates 
and Lorraine shales, with a thickness of about two hundred 
feet, containing in great abundance Triarthrin beckii on the 
shores of the lake at Rouse's Point and all over the Alburgh 
peninsula. 
Tabular View of tlie Chainplain KyHtem at Chazy and Vicimty. 

Utica and Lorraine slates and shales 200 feet 

Trenton Limestone 400 " 

Black Biver and Birdseye Limestone 40 " 

Chazy Limeatone 200 " 

CalciferouB Sandrock 250 " 
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The same Byotein of 8tr»t&, with the same cnnipopition and 
the eame characteristic fossilp, extends interruptedly from 
Chazy to Rousc'b Point, St. Jean and Montreal, and covers 
the greateBt part of Jetferson county, state of New York, on 
the right shore of the St. Lawrence river and at the end of 
lake Ontario, and is followed without interruption through 
the etate of New York a« far as the Mohawk valley. 

During many years the referring of the Phillipsburgh and 
Pointe-Levis group and the Swanton and Quebec city group, 
as defined by me in 1862, to the Calciferous and Utica-Lor- 
rain (or Hudson group) was rather a simple theoreticnl form- 
ula used by my critics to mean only that they cciisjdered it 
impossible to refer those strata to any horizon below the 
Potsdam, on account of some of the fossils found in them. 
At the same time there was a rehictaiice to question cither 
the exactness of the determination of those fossils or of their 
scientifle value in ciasfiflcation of strata. They were spoken 
of as matter of fnirts, not requiring descriptions arid illustra- 
tion by figures of those on which such a correlation with the 
CnlciferouR and the Hudson was bused: a sort of authorita- 
tive synchronism imposed as a creed in American and Cana- 
dian stratigraphy. Eight or ten, a dozen at most, of fossils 
— just the same number of species signalized by Andrew Ram- 
say and Etheridge as passing from the Tremadoc and Arenig 
divisions into the Caradne group in Wales and England — 
some fossils badly determined as the Al'ipm tfifinen tux vrnng- 
ly referred to as Tri'irthrua fteckii, the 3ficroiH:'crix considered 
as a Trhtueleiis, and some Brachiopoda, an order of fossils 
more apt to possess forms whii:h pass from one system to an- 
other, are the only true base made use of; a very narrow and 
incorrect view of the palieontological characters established 
by Alexandre Brongniart. 

But since 3888 attempts have been repeatedly made to put 
practically in the tabular view of the Champlain system the 
six or eight thousand feet of strata, called and limited by me 
as the Phillipsburgh and Pointe-Levis group and the Swanton 
and Quebec City group ; and curiously enough, although those 
two great groups at the typical places — the vicinity of Quebec 
city and the vicinity of Phillipsburgh and Swanton — succeed 
one another in concordance of stratification, one is placed as 
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Calciferoua at the base of the Champlain system and the 
other at the very top of that system as superior to the classi- 
cal Utica-Lorrain dlviaioQ. The process employed, if accepted, 
will break all the rules of stratigraphic classification, replac- 
ing well observed facte by hypotheses. ' 

In 1888 appeared a paper entitled, " The Original Chazy 
Rocks" (AuER. GsoLotiisT, vol. 2, No. 5, November), by 
Messrs. E. Brainerd and Henry M. Seely, which disposes of 
the typical Calciferous, recorded aa existing near Cha/.y vil- 
lage by Emmons and others, as not belonging to that forma- 
tion. The authors of that paper have tried to make of it a 
new great division, regarded as the lower part of the Chazy, 
which they call "Group A of the Chazy Limestone," By that 
suppression of the true Calciferous at Chazy village and Kiwn- 
ship we have there, according to the authore, a gap in the 
stratigraphy which they explain by a fault, or an instance of 
n on -deposition, — they are not sure which — due to elevation 
of the sea bed in that region when what they call the Calcif- 
erous deposits were taking place. As the same strata of the 
Chazy village continue without interruption as far as lake St. 
Louis on the St. Lawrence river, and farther west, the typical 
Calciferous of New York and Canada is suppressed without 
any visible fault, or without any visible break. Then comes 
the problem how to account for placing between, what Messrs. 
Brainerd and Seely call the "Group A of the Chazy rocks'" 
and the Potsdam sandstone, their new Calciferous formation 
orPhillipsburgh group, of a thickness of 1,800 feet, according 
to their calculation. They say they have found in Beckman- 
town, eight mitea south of Chazy, their Calciferous, 300 or 
400 feet only in thickness — not 1,800 feet — and they take a 
special care to omit to give either a section or description 
with fossil list. 

The views of Messrs. Brainerd and Seely have been accepted 
and used lately in "Preliminary Report on the geology of 
Clinton County, New York," by Mr. H. P. Gushing {ISfeti- 
York Slate Mnseam, lieport 47, pp. ^9-6S3, Albany, 1894) ; 
but without any proofs, by well observed stratigraphy or pa- 
laiontotogical researches; simply calling to the rescue the 
supposed existence of numerous invisible faults, "which are 
frequently difficult to locate from lack of outcrops in sulU- 
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cient niiiDber" {Loc. cit., p. 669). As "the reeiilta presented 
are therefore merely tentative," the two geological miipB ac- 
companying the report Ao not eustain the clas^Hcation of 
strata, with 1,800 feet of Caleiferoiia eandrock, containing a 
fauna of more thiin one hundred species, placed between the 
Potsdam and the Chazy formation by Messrs. Brainerd and 
Seely. 

Geology of Shobehah (Vebmont). 
During 1862 I visited, in company with my friend, the late 
John B. Perry, the village of Shoreham (Vermont) and found 
there a repetition of the same group of lenticular or islet 
masses of magnesian limestone, included in slates, as at Fhil- 
lipsbiirgh, and also the same fauna with Biithyrtis, Muclurea, 
Litvit.eK, etc. Messrs Brainerd and Seely have published in 
1890 a geological map of East Shoreham, with two sections 
("The Calciferous Formation in the Champlain Valley," in 
Bulletin Amer. Mvteam Nat. Hixt., vol. ill, No. 1. pp. 1-23, 
New York), which fails to show the slates inclosing the mag- 
nefiiin limestone as lenticular or islet masses, and presents 
above the Phillipsburgh group (called by them Calciferous), 
in concordance of stratification, first the Chazy limestone, then 
the Trenton and above the Mica slates. Those three impor- 
tant groups of the Champlain system, so well developed at 
Chazy village and its environs, are h*re "rudimentary," ac- 
cording to those two authors, and no description, no list of 
fossils found in those three groups are given; so it is impos- 
sible to control in any way the determination of the age of 
those strata. As to the Potsdam sandstone at Shoreham, no 
fossils are given by ihe authors, and the stratigraphic posi- 
tion assigned to it below the Phillipsburgh group (Calciferous 
of Messrs. Brainerd and S^ely) will require careful observa- 
tions, as regards inclination of strata, dips, as well as fossils, 
if any can be found. As a conclusion, the classification of 
strata at Shoreham is made against all rules, and is simply an 
attempt by Messrs. Brainerd and Seely to suppress the Upper 
Taeonic and refer it to the Champlain system. 
[To be <mntintied.] 



d 5x000^^10 



50 The American GeologUt. January, dot 

THE RELATION OF THE STREAMS IN THE NEIGH- 
BORHOOD OF PHILADELPHIA TO THE BRYN 
MAWR GRAVEL. 

By F, BtacOH, Bryn Mawr, Penn. 

In a paper upon "The Rocke near Philadelphia,"' which 
was published in the Proceedings of the Academy of Natural 
Sciences of Philadelphia, occurs the following Btatement: 

"A remarkable feature of the part of Montgomery county 
and Chester county bordering on the Schuylkill is the direc- 
tion taken by the fitreamfl. The general features are high hills 
extending in a northeast and southwest direction, with deep 
limestone valleys between, nearly at right angles to the gen- 
eral course of the Schuylkill. 

"The streams, however, do not follow the valleys. The Wis- 
sahickon leaves the Montgomery county valley and flows 
eastwardly through a deep, narrow gorge, through very hard 
rocks, a distance of over five miles. The Valley creek flows 
down the Chester valley and then turns abruptly westwardly, 
and flows through the northwest boundary line. The Gulf 
creek flows down the valley two or three miles, then turns 
westwardly and flows through a deep and narrow gorge into 
«nother valley on the west, with banks rising abruptly two or 
three hundred feet." 

These three streams, the Wissahickon, Valley creek and 
Gulf creek, whose peci^iar courses are thus pointed out, are 
only the more marked illustrations of features which charac- 
terize all streams of the same class, flowing over the Piedmont 
plateau, in the neighborhood of Philadelphia. 

The history of these streams will explain not only the direc- 
tions pursued by them but also by the neighboring streams. 
Were if possible to read their story completely much light 
would be shed upon the still obsciire post-Newark history of 
this portion of the Piedmont plateau. 

While the following consideration of the stream history is 
manifestly incomplete, it still may suggest a possible criterion 
of the age of the superficial deposits of the plateau, which has 
not received much attention. 

The present topography will be more readily understood if 
the discussion of the streams is preceeded by a brief resume 
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of the changes which produced the plain upon which they are 
at work. The pre-Newark history of the plateau must be 
read from the deposits and the larger riverB. It quite precedes 
the birth and growth of the present stremnp. 

Briefly, the depofits of that portion of the Piedmont plateau 
trftvt-rBcd by the streame in qiieptjon (north and west of Phil- 
adelphia in Montgomery, Chester, Delaware, and Philadelphia 
conntiee) indicate that it must have passed through some 
such sequence of events as is outlined below: In later Algon- 
kian and Lower Cambrian time it was a bind surface. In 
Upper Cambrian time it was depressed and received a thin 
deposit of Cambrian and Ordovieian sediments. 

Early in the Ordovieian period it was elevated, forming 
part of a lofty mountain range, which furnished continuous 
supply of material during all remaining Palaeozoic time to the 
western sea. Then followed, upon the western portion, at 
least, of what was now a peneplain, the Newark depression 
and later elevation, reversing the direction of the rivers. Sub- 
sequent to this elevation occurred extended erosion, when the 
region was again reduced nearly to base-level. Thus, at the 
dawn of the Cretaceous, the Piedmont plateau was a plain 
slightly inclined seaward. From this point the story has been 
carried forward to mid-Cretaceous time by MeGee.* Follow- 
ing upon the baseleveling mentioned above occurred, at the 
opening of Cretaceous time, the nubmergence which initiated 
the Potomac deposition. This deposit was at first a gravel, 
later with decreased declivity of the land the materials be- 
came finer. About the middle of Potomac time, there was, 
Mr. McGee thinks, in this region a temporary emergence of 
the land followed by submergence, when the upper member of 
the Potomac formation was deposited. 

Since the deposition of these clays and gravels and other 
possible members of the Cretaceous series the plateau has 
perhaps been permanently above water. 

What McGee has called the upper member of the Potomac 
formation is represented near Philadelphia by the plastic clays, 
which have been referred by the Second Geological Survey of 
Pennsylvania to the Wealden.f Some of the best exposures 

•McGee, W J: Three Formations of the Middle Atlantic Slope: Amer. 
Jour. Sci.. volume ixv, 1888, pp. 142, 143. 
■ tReport X. Hand Atlas of PeDnsylvania. J. P, Lesley, 1885, pi. 46. 
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of this clay are found nnrtbeaxt of Conshohocken in the neigh- 
borhood of HarmaoTille (two miles from the Schuylkill on 
the county line road). At Keys' clay pits and at Pott's mar- 
ble quarry, at an elevation of one hundred and eighty feet, 
these mottled clays are well eeen. At the former locality the 
clays have a thickness of flfty-five feet. The succession of 
colors is yellow, red, white, blue (lignitic), yellow and mot- 
tled, red. The elays are overlaid by gravel varying from zero 
to eighteen feet in thickness and at a depth of flfty-five feet 
gravel again appears. At Keys' elay pits there Is a st«ep dip 
to the south. About thirty feet below the surface in the lig- 
nitie clay were found fragments of wood. 

These are undoubtedly the "mottled clays" which Ward 
has recently referred to the Rappahannock series or " Basal 
Potoman." 

Disassociated from and also in association with these clays 
is a gravel formation which has been known as the"Bryn 
Mawr gravel." This gravel is found in isolated patches at 
elevations of from three hundred and twenty-flve (Media) to 
four hundred and fifty feet (one-third mile northwest of Gra- 
dyville) and is also (in the writer's opinion) the gravel which 
overlie» the mottled clays. It also occurs in Delaware, where 
it covers the summits of some of the higher hills. (It has been 
observed by the writer one and one-half miles northwest of 
Wilmington, Delaware, at the crossing of the Lancaster turn- 
pike by the Wilmington and Northern railroad.) The pres- 
ence of an ironstone conglomerate serves as a ready means of 
recognition of the gravel. This conglomerate is made up of 
rounded waterworn pebbles of pellucid quartz, of milky white 
quartz, of quartz stained with the red oxide of iron and of 
friable quartzite, both white and amethystine, imbedded in a 
tough sandy and ferruginous matrix. 

There are also present fragments of kuolinized feldspar and 
of what appears to be a eiliceoue limestone, from which the 
lime corbonate has been removed by solution. This detrital 
material ranges in size from a fine sand to pebbles which may 
be nearly six inches in diameter. (Pebbles of this size have 
been found by the writer in a conglomerate one-quarter mile 
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west of Grassland, Delaware county.) The pebbles or the 
gravel are identical with those of the ironstone cod glomerate 
and like thetii are aflsociatcd with sand. A section chows 
coarse gravel, grading below into sand and fine pebbles, which 
in turn passes into a reddish clajej lajer. The middle layer 
contains thecongluroerate. So far as is known to the writer 
the gravel is further characterized by the absence of fossilif- 
erouR pebbles, of fragments of the Newark shale, of gneiss or 
garnetiferous mica-schist, or of any disintegrated igneous 
material. This gives it a litbological character, as well as a 
topography, distinct from the Jamesburg or Pensauken of 
New Jersey. 

This gravel has been referred to the Tertiary {Upper Mio- 
cene) by the Second Geological Survey of Pennsylvania* and 
by Carvill Lewisf on the basis of lithological correlation with 
New Jersey gravels. On this basis it has also been referred 
U) the Columbia,^ with the Jumesburg of New Jersey. McGee 
claims that the gravel as examined by him, in exposures un- 
fortunately of a more or less evanescent character, ehows all 
the characteristics of the Potomac and is undoubtedly iden- 
tical with exposures north and east of Conshohocken of a 
gravel underlying plantic clays, hence he makes it the 'Mower 
member" of the Potomac. § 

The fact that the Bryn Mawr gravel is elsewhere found at 
so much higher altitudes than the clay, the presence of the 
ironstone conglomerate in the gravel overlying the clays at 
Pott'e quarry and other localities, the general lithological 
similarity of this gravel with the Bryn Mawr gravel, and the 
dissimilarity, though slight, of the underlying gravel, have 
led the writer to reverse McGee's conclusion as to position. 
If the Bryn Mawr gravel is a member of the Rappahannock 
series, it must be an upper member of that series. 

The Bryn Mawr gravel has thus been referred to Mesozoic, 
to Tertiary and to Quaternary time. Topographical and lith- 
ological dissimilarity with the Quaternary gravels of New 

•Second Gool. Survey Penn,, Report C, 1S85, pp. 1013. 

tProc. AcBd. Nat. Sci. Phila.. 1880, pp. 2G9. 272. 488. Jour. Franklin 
loatitute, volume 85. 1883, p. 373. Proc. Acad. Nat. Sci. Phila., 1884, 
p. 240. 

tSeventh Annual Report, U. S. Geol. Survey, p. 610. 

l-^mer. Jour. Sci., vol. xxjtv, p. 130. 
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Jersey would seem to exthule it from thnt period. Will the 
evidence of Ptream erosion t.'oncur in that exclusion? 

The plastic clays and tlie Bryn Mavrr grovel rest alike upon 
contorted and eroded pre-Cambrian crystallines and upon up. 
turned strata of Cambrian, Ordovician and Newart age. 
They rest upon -the baseleveled plain of marked heterogeneity. 
Since this plain was baseleveled these two formations covered 
it to a depth varying from one hundred to two hundred and 
fifty or more feet. 

With this past history thus briefly outlined, the present to- 
pography of the region can be rendily comprehended. 

The ancient Cretaceous baseleveled plain now stands at a 
fairly uniform hight of from four hundred to four hundred 
and fifty feet. This plain is trenched by vitUeys which have 
been excavated since the last elevation and since the depos- 
ition of Potomac clay and Bryn Mawr gravel. 

The streams are far from reaching old age. Their head 
waters are still cutting back and contesting the watershed 
with streams farther west. The present discussion is con- 
cerned only with the streams and does not include the Sehuyl- 
kill river, which is a compound and complex decendant of an 
original Permian river. 

The Wissahickon, with its headwaters at a hight of four 
hundred and forty feet above sea -level, near Montgomeryville 
in Montgomery county, flows southwest and southeast across 
the Newark formation, then itturns andflows almost straight 
south, cutting across Cambrian sandstone and a belt of Or- 
dovician limestone two miles wide. It leaves this non-tesist- 
ant belt to erode a gorge in hard gneisses and quartziferous 
mica schists. 

At Chelten avenue, Germantown. it receives a tributary and, 
turning abruptly, flows one and three-eighths miles south- 
west into the Schuylkill. Its course covers somewhat over 
twenty miles with a fall of four hundred and twenty feet. 

The gorge of the Wissahickon in the crystalline schists is 
from one hundred and eighty to thref hundred and fifty feet 
deep, and the stream is still carving with youthful vigor an 
ancient surface which bears the scars of other and far older 
agents of erosion. 
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Thecourseof tliis you til Tul stream Jadirpc'tly trHnsversc to the 
gealogiual etrueture of the plateau and is entirely independent 
of the lithotogical eharafter of the rocks over which it Howe. 
This course admits of butone explanation, namely, that the 
Wissuhiekon is a superimposed stream, superimposed upon 
the Potomac nlays and Bryn Mawr gravel through which it 
has cut its way. The gentle slope seaward of the plateau after 
the Cretaceous elevation determined the direction of the 
[Stream. Having trenched the clays and gravels, it found the 
hard crystallines beneath, but its course was too well estab' 
lished to be turned aside by the herterogeneous character of 
its newly discovered bed. 

The abrupt turn at Chclten avenue and the subsequent 
course of the stream is evidently controlled by the tributary 
of which the Wiseahickon becomes a part. 

Valley creek is a stream some ten miles lonji which heads 
in the quartzite ridge forming the western boundary of Ches- 
ter valley. It, flows northeast over the limestone of Chester 
valley for some seven miles before it turns to the north at an 
angle of one hundred and thirty degrees to flow through a 
gorge cut in Cambrian quartzite rising three hundred and 
twenty and Ave hundred and ninety feet above the bed of the 
stream. At Valley Forge it empties" into the Schuylkill. 
(See plate II.) For the last half mile its bed lies on the New- 
ark formation. Like the Wissahickon, Valley creek is a su- 
perimposed stream. The cover of the Palaeozoic sediments 
was undoubtedly in part the Newark formation as well as the 
Potomac gravels. 

The way in which Valley creek, after following the strike 
of the liraeetone for some seven miles, leaves that easily eroded 
rock to traverse the hard strata, almost at right angles to its 
former course, would be remarkable under any other explan- 
ation than that of a superimposed course. 

With the location of its bed due to the original slope of the 
land and fixed by su peri ni position, the subsequent erosion of 
a gorge through the quartzite, with the dip, becomes the most 
natural procedure. 

The tendency of obliquely transverse streams, on upturned 
strata of different degrees of hardness, to gradually shift their 
courses until they become rectangular ones, along the strike 
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of the soft bed and across th« strike of the hard bed, cannot 
1(6 ascribed to Valley creek as explaioed by Gilbert.* 

Gulf creek rises in a ridge of mica-schist one-half mile 
north of Strafford station at an altitude of four hundred and 
uighty feet. It flows ten degrees north of eaetalong the base 
of this ridge for about four miles when it turns at an angle 
of ninety degrees, cutting across the ridge, which, at this 
point, now stands at a bight of from four hundred to four 
hundred and eighty feet. After crossing this ridge the creek 
turns again at right angles and, flowing parallel to its origin- 
al course, it empties into the Schuylkill at a level of fifty 
feet. (See plate II.) Gulf creek illustrates readjustment as 
well as superiuiposition. The adjustment occurred after the 
stream had cut through the Potomac cover and discovered the 
underlying crystallines of unequal hardness. 

The early stream heading at J) with two tributaries, A and 
C, soon cut a deeper channel in the limestone which formed 
its bed than its neighbor, M, on the other side of the mica- 
schist divide, was able to do in the gneiss in which its bed 
must l>e eroded. 

The tributary A, by reason of the grade given it by the 
deepening channel of the main stream, was able to cut back 
through the mica-schist, with the dip. and eventually to rob 
M of its headwaters. 

Since the capture of the headwat«rs of M, the channel of 
the diverted stream has rapidly deepened with the increased 
declivity and is now separated from the beheaded JV by a low 
watershed, while Jf flows through a valley larger than its 
present volume warrants. A natural ponding on Gulf creek 
resulting from the sudden accession of detritn) material 
brought by the tributary, has been utilized for artiflcial dams. 

Similar transverse courses are pursued by Brandywine, 
Naaman, Cheater. Ridley, Crum, Darby, Tacouy, and Penny- 
pack creeks which drain large areas of the plateau and empty 
into the Delaware between Wilmington, Delaware, and 
Holmesburg. Pennsylvania. If these streams were superim- 
posed upon a cover of Bryn Mawr gravel they have accom- 
plished nil their work of erosion since the elevation of land 
which followed the deposit of that gravel. 
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Their age is approximately the age of the gravel. They 
L-annot be older, they may bo younger. If the gravel ie Col- 
umbia in age then the strearas date from the close of that pe- 
riod or lat«r. The question arises, could the streame have 
trenched such deep valleys and so extendedly contested the di- 
vide since Columbia timeV We find the erosion in southeast- 
ern New Jersey of a less mature character. We find the Pen- 
saiiken and Jamesburg gravels made up of material vkhich 
must have been furnished them by streams draining this 
plateau. 

The red shale of the Newark, disintegrated gneiss, granite, 
trap, gametiferous crystalline schists and gabbro (the Bran- 
dywine, Nnaman, and Crum creeks flow across gabbro areas) 
and rounded fragments of ironstone would be furnished abun- 
dantly by just such streams as the creeks described above, 
eroding first the Bryn Mawr gravel, then the crystalline 
sichists and igneous rocks of the plateau. 

These facts seem to concur in precluding the Quaternary 
age of the gravel. 

It is perhaps not possible to determine the nge of a drain- 
age system with a degree of accuracy sufficient to distinguish 
between a late Meaozoic or an early Tertiary origin. On the 
other hand, the stream history furnishes no evidence against 
the Potomac (Mesozoic) age of the gravels. 

The other members of the Potomac series were in all prob- 
ability present in Pennsylvania and have either been com- 
pletely removed by an erosion, dating back to the dawn of the 
Tertiary, or will yet be discovered in small areas. 

That evidence of still more recent superficial deposits will 
be found seems highly improbable, hence the hypothesia hns 
been stated that not very long after the deposit of the Bryn 
Mawr gravel the Pennsylvanian plateau was permanently ele- 
vated and the present streams began their work of en)sion. 



REVIEW OF RECENT GEOLOGICAL 
LITERATURE. 

The Ujiderground Water i>f the Arkaiisaa Valley in Eastern Colo- 
rado. By G. K. Gilbert. (Extract from 17th Annual Report of the U. 
8. Geo], Survey, Part 11.) TbiB paper, which illustrates well the vari- 
ous excellencies which we' have learned to expect from Mr, Gilbert, is 
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clear, coaciw, and complete. Its aim is to place ■□ poHsessioD of tbe 
citizeDB of the region such kuotrledge of the geolt^^ical formations and 
their relations to certain economic intereeti) as will enable them to make 
them most available. 

Tbe region is the larger portion of the twelve or thirteen soutbeast- 
erp counties of the state of Colorado. It briefly describes tbe varioua 
geological formations giving the physical appearances and characteristic 
fonsils of each. The latter are illustrated so that well diggers and oth- 
ers may make use of them in identifying the strata which they find. A 
synopsis of the formations is given in tbe following table: 
Roak Slrafa of Southeastern Colorado. 
Fox Hills, sandstone and sandy shale 450feet. 

Upper barren zone, shales 250--30D " 
Teepee zone, shales 1,000 " 

Lucina occideiitalU, Sea- 
phittH nodoiim, Baeu- 
litea, Heteroceras, etc. 
Belemite zone, shales 100-150 " 

Belemnifes, Bacnlite»,etc. 
Rusty zone, shales (JOO " 

Iron concretions. 
Lower barren zone, shales 450-500 " 
Much selenite. 

500 ■' 

Timpaa, limestone 175 " 

Jnocei-aniun deforiitin, Os- 
trea eongrsta. 

Carlile shales 175-200 " 

Prianocycly-a Wyoming - 

25-40 " 



Benton { 



Greenhorn limestone 
[ InoceramuH labiatus. 

i GraneroB shales 200-210 '■ 

1^ Dakota sandstoneo and shales 200-500 " 

Jura-Tria^, sandstones and shales of red color 2,000 " 

The dip of these formations, especially of the older, is to the north- 
northeast from the foot of tbe mountains. 

Besides these older formations of the Cretaceous there am recognized 
the Upland Sands and Gravels, which the author ascribes to tbe action 
of streams, lakes and winds, at a time when the drainage of the region 
was much more sluggish than at present; the Terrace Sands and Grav- 
els, whicd cap the higher terraces along the main streams, and tbe 
Dune Sands, which bad accumulated at various epochs. 

Perhaps the most important economic feature of the paper is that 
treating of artesian wells. Water is a desideratum in that region and 
is obtained from two general sources: one. tbe deeper or artesian sup- 
ply, the other, the waters permeating the loose deposits near the sur- 
face. Tbe artesian supply is here, as further north, mainly from tbe 
Dakota formation, which is described ns being made up of different 
layers of a yellow or brown sand more or less neparated by impervious 
layers of shale. The Jura-Trias is considered to be quite impervious to 



dbyGoo'^lc 



Reviea of Recent Geological Liteyatiire. 60 

water. No sucL-eeBrnl wells have been obtained from it. Above the 
Dakota eandatone the retimiaiog members of the CretaceouB are alm(«t 
entirely impervious ehalea. .\ map is giveo of an elongated refiiion eor- 
reapondiDg in a geDeral way to the Arkansas valley in which flowing 
wells may be obtained. .\ long the south and west sides of this area 
v^lls may be obtained at a depth lees than a thuufand feet, bat niong 
toe northern aide throughout a narrower strip they cannot be obtaineil 
without going to a greater depth. The former area is estimated to 
be about 4,000 square miles, and the latter 1,500. Some valuable state- 
ments are given concerning the areas in whieh the water is collected. 
The average width of the exposure of the Dakota formation along the 
toot hills is estimated to be not more than one mile. "Where it is nar- 
row the slopes are so steep tbat a large share of the storm water runs 
oS and the sand can imbibe but little. But the broader parts of the 
belt have gentle slopes mnre or less covered by a blanket of sand, in 
which the rain water is stored for a time and from which it may be 
fllowly absorbed by the pandetnne." 

He outlines several areas of this sort, one having an area of Hfty or 
sixty square miles, another of five hundred, and a third of not lesa than 
a thousand. The author remarks. V It is impossible to say what share 
of these areas contributen water to the sandstone. In part they are oc- 
cupied by the upper laycj's of sandstone, which are of so fine texture aa 
to receive little water. The irregularity of the sandstone beds ift so great 
as to raise the question whether nil the porous beds exposed to the rain 
are of such horizontal extent as to carry water to the deeply buried por- 
tions of the formation. Such considerations make it impossible to es 
timate the amount of water which may annually be imbibed, and for 
the present at least it is useless to discuss thu annual rainfall with 
reference to the extent of the gathering grounds." 

The artesian waters are found to vary much according to locality. In 
general they are rich in chlorides, sulphates, carUmates of sodium, cal- 
cium, magnesium, with frequent oecurrerice of silica and lithia, in pro- 
portions varying from .0008-.003i). 

The ground water of the region is derived mainly from the Upland 
Sand and Gravel. Considerable attention was given to circulation of 
water in the sand occupying the stream beds, as well as those of the 
terraces and upland. In the Arkaneiis river, aa in most rivers of the 
plains, a large portion of the water is flowing beneath the surface of a 
vast amount of sand filling its channel. Upon the upland the water 
contributed by rainfall is found here, as in other regions, to have a very 
irregular surface, corresponding sometimes to the surface of the under- 
lying rock, Bometimes to the surface of the soil and at other times ap- 
parently without relation to either. 

Some interesting experiments weie made to determine the absorptive 
power of sands. The experiments were performed by filling a vessel 
with sand thoroughly dried, then pouring into it water until it was sat- 
urated, then by puncturing the Iwttom of the vessel bo ae to permit the 
water to drain away, and after a lapse of several days determining the 
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ntiiount of water lost. The amounU in each caee were determined by 
weighing. It was found tbat the sand in une case bad received 29 per 
cent, of its Tolume of water, but afterwards parted with only one-third. 
In one cnee the sand ttiken from an ancient deposit on the face at "The 
Mesa'' near Santa Fe tirenue, in Pueblo, absorbed 29 per cect. of i^ 
volume of water and delivered only 3 per cent. This illuetratea forcibq^ 
the odhepion ol the water to the sand, which forma an important factor 
in OHtimating its friction and the rate at which the water may percolate 
through eanda either near the surface or in an artesian stratum. 

The paper may be heartily commended asB model of careful, scientific 
investigation and a papular presentation of economic results, such as 
should often be the aim of the governmental expenditure of public 

On the Apical End o/Endoeeras. By Oeshard Holh. (Om apikal- 
Andnn hoe Endoceran; Geol. FAren. i Stockholm FOrhandl. vol. 18, pt. 
5, p. 3&1-426: 1896.) Herein Holm has summarized all that is now 
known of the very rare fossil apical ends of Entloi:eru» shells. The ex- 
cerpt at hand is in Swedish, and is accompanied by six excellent octavo 
plates, besides three figures in .the text. . 

In review, from the literature on the subject, Holm begins with the 
observiitiona by Barrande* (1870), who described and figured a speci- 
men of Orthoceran marcoui Harr., and who considered the sape as still 
possessing the apical end of the shell. Holm himself in 1885t described 
and figured the structure of tbe iipical portion of the shell as well as the 
development of it in £nilocer(u beJc»tni(i/omu! Holm, and pointed out 
the difference between this one and the much smaller septate apen of 
E. hfiiekardi Dew . Kernel^ (188.^)1 mentioned two Orthocertis shells 
with bent initial part. Foord§ in 1888 showed that the Orthocerat mar- 
coui described by Barrande consists only of the apical portion of the 
siphon itself. In 1889 Rudingerjl mentioned a specimen of Eniiocerav 
which has the apical end bnnt*towards the siphonal side. Hyatt^ (1889), 
after citing Holm's description of E. belemnitiforme, pointed out fur 
ther the relation of the diminution in size of the siphon to the septs. 
.\gain in 1892 Holm** presented his observationson three species of £n- 
doceraa with preserved apical portion, one of which is like E. bekmniti- 
forme Holm, except that the initial portion or apical cone of the siphon 
attained less size. The other two have the apex of the shell septate, 
but the siphon is swelled and later constricted before assuming its nor- 
mal size. Both of the same are characterized by the curving of the 
apical end Cyrloceraa-ii]i^, loward the siphonal ciide. 

Clarkeft (1891), without knowing of Holm's description of Eniioc^ras 
fWemm'fr/orjne, described the apical end of a very nearly related new 

•Sxft. Kil., CephnlDp., ul. 481, fl«. 11-13 ; t«it purt X. ii. ll». 
+I>alii-<>nt. .Iblinndl. v<J. », pt. 1. p. 4, pi. 1, llg. 1-.V 

tNo.liaiii"KalBl<wilcr»i>o l>n>r. Dr. Ad. Remi'l« hoim inlemnticmal Ooolfwen- 
CuDKteHs »u Berlin im ISM aui^ffeMtclltan HescLlebesaminluni!." 
»'ut. Fosa. CppliBl., part. I, P. I:K. 
.\rch. Ver. Freund. Nut. Meek lot iib.. Jahr, itOl. 



dbyGoot^Ie 



Review of Recent Geolinjicd Literature. 61 

sppL-ieB fnim North America, which he calls n new ccphalopod type be- 
catiBe uf the structure of the apical end, aoO he called the eaaie by n 
new name, Sanno aulema Clarke. Sardeeoii* 11891) am] Bathert (1894) 
both poiated out that JVatmoisfnr trom a new cephalopod type. HyattJ 
<1895) conKrineil in main C'larkd's deacriptiim cif theapiL'aleudof Ntiiinn 
aiileiiia. Holm here quotes in a fout-note Hyatt's introductory woixls, 
viz., "'The diacovery anil description of this genus by Prof. J. M. 
Clarke has materially added to our knowled<^ of the structure and de- 
velopment of the siphon in the Ettdnceratidm and thrown a new light 
upOD the affiDtties ot the forms of this group," and comments upon 
them as inexplicable, inasmuch aa 3arUesoti and Bather had pointed 
out that Holm had in 1886. or nioo yeara earlier, more thoroughly and 
eitensively described the cephalopod type in queation. 

Further Hyatt eonsidored Naniw aulema. because of the structure of 
the aiphnnal tubes, as genorically distinct from Eiidocvras btUmniti- 
foraie Holm, but he seems, says Holm, not to have had Buffluient mate- 
rials. He is quoted much in full because hia obeervatiooa are bo indefi- 

Holm§ (189-')) described and Hgured the endosiphonal structure of 
EntiftceniH INannu] belemnUifornie and ahows the aame to be like that 
of E. wahliagb^rQt Foord, with a cicatrix opening io the same manner 
as in Piloceras, from which it was concluded, --Bather's views notwith- 
standing, — that E. belemiiili/orme and related forms, similar to other 
Naatiloiiiea, have a fragile, eaaily destructible protciconch. The near 
relationship between iVaniio (it(/fnin Clarke and Eiulonraii lielemnili- 
forme Holm was determined and Ifanno adopted as a subgenus of En- 
docprnt. 

Alter reviewing the literature Holm presents further observationa 
upon the apical structures of Endoceraa. He recognizes two types of 
these structures in Endoceran, but considers the division of the genus 
aa impracticable, since the apical conea of very few species of this large 
group are known, and among the few ia not found the type speciea it- 
self of Endoceran. He therefore recognizes two subgenera, yanito, type 
E. aulema (Clarke) and Suecueeran, type E. barraitdei Dew., the former 
of which he conaidsre aa the more primitive form He defines them as 
follows: 

SuBOBN. 1., Nanno iCIarkei. Siphon with the apical end stronglj 
swelled so that back of the first loculus there is formed an apical cone 
of the shell, which is entirely filled by the siphonal apical cone, the 
latter equalling in length, in all known cases, the (ombined width of at 
least three of the first chambers. Thereafter the siphon tapers for 
wards so rapidly that the same attains its normal dimension within the 
third septal chamber. 

SuBaEH. 2. SuF.cocRRAS Holui. Siphon completely filling the shell's 
apical end, with narrow ajiex, and on the siphonal side in contact with 

•Ahhh. Ueol.. ml. 14, Dec., If 



INatursl Science, vol. S. No. {It. bee. '»4. p. 4 
tAMKt «EOL., lul. 18, July, "^'. p. I. pi. 1. 
iUeol. FOrea. FOrh.. vol. 17. p, 6lC pl- :22, He. 
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the outer phell of the conch, formiDg within a wries of the first loculi a 
quickly expandiDfc initial cone, likewisR again dncreaaing in size to its 
normal dimension. The firat loculuB thctrefore includes the apex itself. 
In some forms of SueeiHVraa the api(;al cDne in a little curved, Cyrtn- 
ceroK-like, toivaitls the siphonal side, the point of greatest i;urve cain- 
uidiog with, or a little forward nf, the siphon's point of greatest diam- 

The following species are describeil: ^ruloceras {Naniui) iiuUiiia 
(Clarkel, E. INannol belemniliforme Holm, E. (Nanno) fintula Holm, n. 
■p., E. {Nannit) irygiiufum Holm, a. sp., E. iSuecocerai) barratidei 
D«vi., E.iSueeocerast gibbum Holm, n. ep.. E. {Snecoceras) recuTvum 
Holm, D. sp., B. (Sueeoceraxj dux Holm, n. sp., E. {Suecoceifu) sp., E. 
{Suecoeerati) papilla Holm, a. sp., E. (Suecfweras) tnarcaui Barr. 

Faunas of the Pmadojriilfi! Beds in Erviteni ft'oith Ameriea—No. J. 
By G. F, Matthew. (Trans. N. Y. Acad. Sci., vol. xv, Aug. 3, 189C, pp. 
192-247.) Id his introduction to the paper aa the Prutolenus Fauna* 
the above author outlined the subfauDHS into which the American Par- 
adoiides fauna may be divided. More detinitene^s is given this view ot 
the life of the middle Cambrian by showing the species which are pe- 
culiar to each subfauna, so far as they are depcHLed in this article. 

Only the smaller crustaceans are dealt with in this paper, which is 
valuable especially as giving a full account of the species of Agnostus 
and Microdiscus as they appear in the Paradoxides beds of America. 

A good many European species of Agnostus are recognized as occur- 
ring in these bede, either in their European form or as varieties, show- 
ing the close relation that existed during Middle Cambrian time, 
Ijetween the faunas on the two sides of the Atlantic. Some points 
interesting to the biologist are made out by a study of the development 
of the larva in Aguostus. The earlier moults show a near resemblance 
to other trilobites of the Paradoxidea bode. This resemblance ie appa- 
rent in the form and details, both of the headshield and pygidium. As 
regards the latter it is said to show three stages of development during 
growth. 1st, The early larval stage — nonagnosti form —when it posses- 
sed 1-3 somites; 2d, the later larval stage- agnosti form— when it had 
about 4-5 somites; 3d, the adult condition when it had about 6-7 
somites and the three main lobes of the racbis were developed. Of 
these somites, 4-5 were in the posterior lobe of the rachis of the pygid- 
ium. The special features of the sections of Agnoatue designated I'nr- 
vifroiiteii and Lcevigali by Tullburg resulted from the progressive 
effacement of those of the earlier types, presumably impressed in early 
larval stages. 

The species of Agnoetus recognized as occurring in the middle Cam- 
brian of eastern North America are the following; 

Renii, A. regulus Matt.; A. rex Barr., var. transertun, n. var.i Fal- 
LACES, A. fallfix Iiinrs., var. Hr Matt., var. coneinnua Matt., var. (Wto- 
"•Trans. N. Y, Aeud. Sci..»ol. ii., Mar. 17, l&W. " 
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haluit, D. var.; A. aeadicus Hartt-. var. rUrlivii Matt.; Parvipkoktes, 
A. imrvifrojiK Linre., Ti\r. ffswWo Matt., vur. IruncatuK, □. var.T; A. 
HAibn Matt.: LoNaWBONTEa, A. olHuxHobiis Matt.: A. davi'lia Hicks, 
.4. gibbui LiDre., var. partituv Matt., var. mvlilnbut Matt.; A. na- 
thorati BrOg)(., var, eonflueite, n. var., A.fiimux Lundff., var. Iriftiifuv. 
D. var,; A. punrtuonux Ang. Lja'ioati, A. Iinfigalwt Dohii., vur. ler- 
TXinovicug, D. var., var. rieeroiilet, n. var., var. mamillti, a. var.; A. 
nudun Beyr.T 

Figures ot these A^oeti appear od three plates of the inemoir. 

The Diniieminaled Lead Oren of Southeatierii Miniioni-i. By Abthub 
WiNSLOW. Bulletin 132, U. S. Geotc^ical Survey; M pages, with six 
plates (maps and croee-sectiooe), and three fifturee in the text; 1896. 
The structure and areal geology of thia district are described and map- 
ped, with notes of recent progress in mining and the general distribu- 
tion of the ore as revealed by drilling. The ore-bearing formation is the 
St. Joseph liraestoce, in which galena is desHeminnted through beds 
varying within short distances from one or two feet up to ten or twenty 
feet in thickness. Mining on a large st^ale liegnn mon after tbc dose of 
the civil war', and several new mines have been opened during the last 
five years. w. c. 

CoiitribiiUonn to the Crelnceoiix Pateiniloliyi/ of the PueiHr Coast: 
The Fauna <>/ the A'.ioinv'Hf Bc./k. By Timothy W. St,(NTon. Bulletin 
133, U. S. Geol. Survey : 132 pages, with 20 plates; 1895, Structurally 
and taunally, these A u eel I a- bearing beds, occurring in the Cnaat ranges 
of California. Oregon, and Washington, seem ti) constitute a single and 
well defined geological fornintion. The fauna, however, shows a grad- 
ual change from the lower to the upper beds, while yet having no dis- 
tinct break which would juatify referring one portion to the Jurassic 
and another to the Cretaceous. The author regards the whole formation 
as of Neocomiao age. It has TT species and varieties of invertebrates, 
aM here described, of which 50 are new, 12 Have been previously de- 
acribed, and the remaining lii, on account of insulBcient material, can 
be only ganerically determined. w. u. 

Bibliography of ilisnoitri Geology. By C. R. Kkyes. (Mo. Geol. 
Surv.. vol. 10, pp. 219 523, 1S9G.) Thia article is the last in the tenth 
volume of the present Missouri Survey, which volume will soon be dis- - 
tributed. The bibliogropby includeii ll) an authors' index, containing 
the full title, pages, etc., and a very brief synoiisis of each article; &} a 
title index; and l3) subject entries and cross references. In thia manner 
each article is entered at least three times an<l many appear more than 
thr(« times. Moreover, whenever an article is entered it appears with 
its full title, author and place of publication. This of course much in- 
creases the bulk of the bibliography, but at the same time it makes it 
more serviceable in doing away with the necessity of turning from one 
title to another to find a complete reference. The present work differs 
L-ODsiderably in plan and scope from the earlier bibliography of MisHouri 
geology by P, A. Sampson (Mo. Geol. Surv., Bull. 2, 1890). u. a. o. 
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The Eocene D:fto»H» of the Mtidle Alliinlif Slope in Dtlaictirr. Mary- 
land aad Vii-giaia. By Wjluah Blllock Olake. (U. S. Owil. Sur- 
vpT. Bull. 141. ItiT pp., 10 pla., 1S36.I The Eoceoe strata (Pamuakey 
riH-mation of DartoD) of the Middle Atlantic slope form a diatinct uoU. 
beiag B?p«irat«tl from the Cretaceous below am.) from the Miuuene above 
b>' eroeioD iatervalB. In lichologic character theae depoeita are easeD- 
tially KlaucoDitic, and Ihey conlain a conaiderable feuiia, although the- 
state ol preasrvatioD of the rossilB has heretotore caused a large Dumber 
oF the IH'MreDe forme to b: overlooked- The strata strike north aod 
south, or Dortbeaet and southn-pst in the northern part of the area, and 
the dip IB toward the east or eoutbeaet, averaging twelve and ooebalf 
feet per mile. The average thickness is about 2(X) feet, although in 
places the beds attain a thickness (.f 300 feet. From the Potomac River 
section, which is the beet and moat characteristic sectioo exposed, the 
author baa been able to establish two clearly delined paleontologio 
stageis.— a lower or -^quia Creek stage, and an upper or Woodstock 
stage,— but it is not possible to recognise over the whole area niinute 
paleontologicor llthologic divisions. 

In discussing the correlation of the Middle Atlantic Slope Eocene 
with the Uutf Eocene Prof. Clark calls attention to the diverse views on 
this subject and also to the different conditions under which the depos- 
its were laid down. In the former region the strata were uecuiuulat(>(l 
slowly at some distance from the shore and along a coast which received 
no large rivers, while in the latter region the accumulation was rapid 
and more extensive and was largely influenced by the debris brought 
down by large rivers. The author concludes that the Middle Atlantic 
Slope Eoi'ene is the equivalent in a broad way of inoet of the Gulf series, 
except that the upper part of this series is probably lacking in the re- 
gion be is discuming. The Aquia Creek stage is broadly the equivalent 
of the Ligoitic, and the Woodstock of the Claiborne. 

The work contains a bibliography of the subject, a historical review 
of investigation!!, a brief putline of Coastal Plain history, a discussion 
of criteria of correlation, and descriptions of the fauna, which is illus- 
trated by thirty -six plates. u. a. g. 

Tlte Caiabi-ian Rofkn of Penjuylpania. By Charles D. WAi.coTr. 
Bulletin 131, U. S. Geol. Survey; 43 pages, nith 15 plates; 1886. This 
paper gives the results of field work in 1S92 and 1883. The discovery of 
the Olenellus or Lcwer Cambriaa fauna in the Reading sandstone sup- 
plies the completing link in the correlation of the basal quartxitesof the 
Cambrian series aking their entire extent from Vermont to Tennessee. 
Much further work is needed for determination of the diviaiou between 
the Cambrian and Ordovician series in this region. Intraforntatiunal 
conglomerates, in thin bands, are described as observed in many locali- 
ties. Their origin is ascrlbod to Iklal action on gently sloping shores or 
on the flats of estuaries, hardened layers due to drying when exjiosed 
by the ebb of the tide having l>cen broken up by the incoming tide. 
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Annual Rejxirt of the IttJtpectof of Minen of Kentutky for 1895. By 
C. J. Norwood, Chief Inepei-tor and Curator of the Geological Depart- 
ment, aod W. U. Grider. AsBtstant. Pp. vii, 326, Iioutsville, 189G. 

Tbie report is nut, like no many which deal with inineinBpectioD.oini- 
ply a list of miaee and of the uccideate which have occurreil id them 
duriog the year. Planned and prepared od a liberal scale, by a conipe- 
tect geologist, it contaioii the usual statistical data in coneiderable de- 
tail and then goes on to give an aciTouat of the various mines in one 
chapter of 70 pagea, a paper on "Coal-dust as an Eiplosive Agent," pp. 
171191; noe on "Coking and Coal-washing at Earlington.'' by J. B. 
Atkinson, pp. 191-207: a chapter on "Steam Testa of Kentucky Coal." 
pp. 206-2i3; n general article on '■Kentucky Minoral Wpalth," by C. J. 
Norwood, pp. 243-292. and chapters on petroleum and phosphates in 
Kentucky and the prevailing laws relating to mining. 

From the statistical data we learn that there were 133 coal mines in 
operation in 1895. These produceil .%207,770 short tone of coal, worth 
80.5 cents per too at the mine. There were produced 25,150 tons of coke 
in 214 ovens. 

The paper on the mineral wealth of the state isavaiuabli 
contains references to the coal, iron ores, fliior spar, baryta, lead, 
phaltum, clays, petroleum and building stores. H. v. v 






RECENT PUBLICATIONS. 

IV. Excerpts and Imlividuat PiihlicatiniiK. 

Manual of determinative mineralogy, -with an introduction on blow- 
pipe analysis, by G. J. Bruph. Revised and enlarged by S. L. Penfield. 
8vo, ii, 163, 63108 pp.: New York, John Wiley and Sons, 1896. 

L'eitenaioD du sysl^me taconique vers I'Oueet, N. H. Wiuchell. 
Compte-rendu du Cong. giS.ol. intern., 6e See. (Zurich, 1894), pp. 272 308, 
1896. 

Faunas of the Paradoiides beds in eastern North America, No. 1, G. 
F. Matthew. Trans. N. Y. Acad. Sci., vol. 15. pp. 192-247, pis. 1417, 
Aug. 3, 1896. 

The Jura of Texas, Jules Marcou. Proc. Boston Soc, Nat. Hist., vol. 
27, pp. 149158, Oct., 180C. 

On the fracture system of joints, with remarks on certain great frnc- 
turea, J. B. Woodworth. Ibid., pp. 16.3 483, pis. 15, Nov., 1896. 

A new occurrence of Carboniferous fossils in the Narragansett basin, 
M. L. Fuller. Ibid., pp. 195 199, 1896. 

Bibliography of Missouri geology, C. R. Keyea. Mo. Geol. Survey, 
Tol. 10, pp. 210-523, 1896. 

Catalogue of the fossils of the Trenton and Cincinnati periods oc- 
curring in the vicinity of Cincinnati, O., G. W. Harper and R. S. Bass- 
ler. 34 pp.; Cincinnati, W, B. Carpenter Co.. 1896. 

A geological reconnaissance in northwestern Oregon, J. S. Diller. U. 
8. Geol. Survey, I7th Ann. Rept., pt. 1, pp. 1-80, pis. 4- 16, 1896. 
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Traces of organic remains from the Huronian (?) series at Iron Moun 
tain, Mich., W, S. GrCBiej. Trane. Amer. Inet. Mining Eng., Colo- 
rado meeting, Sept.. 1896; 8 pp. 

Faulting in glacial gravel, W. S. Gresley. Ibicl., 2 pp. 

The geoUigj- of the aaod hills of New Jersey, W. B. Clark and G. B. 
Shattuck. Johns Hopkins Univ. Circulars, vol. 16, i pp., 1897, 
v. Proeeedingx of Scientific Lat>oratorie», ele. 

Bull. Mus. Comp. Zool., vol. 28, no. 2, (Geol. Ser. vol. 3), pp. 29-62. 
pis. 1-26. Oct.. 1896. The elevated reef of Florida, Alexander Agaaeiz; 
with notes on the gedlogy of southern Florida, L. S. GriBWold. 

Same, vol. 28. no. 3, (Geol. Ser. vol. 3), pp. 65-91, Dec, 1896. Notes on 
the artesian well sunk at Key West, Florida, in 1895, E. O. Hovey. 



CORRESPONDENCE. 



The aob op the CaliI'ornia Coast Rahobs. Mr. Pairbanka having 
seen fit to offer, under the foregoing heading, certain friendly criticisms 
upon a recent paper by me, on the Great Valley of California, a few 
words in reply may not be amiss, as showing that th« real difference be- 
tween our views is not so wide as he seems to imagine. 

To begin with, the criticism seems to have rather overlooked the fact 
that the main object of the paper discussed was a study of the theory 
of isostasy with special application to the Great Valley, and not an ex- 
haustive discussion of the various oscillatory movements that may have 
affected that portion ut the earth's crust now occupied by the Coast 
ranges. It was far from my tatention to deny the fact of these oscilla- 
tions, or the former existence of pre-Mi"cene land masses within this 
area. As a matter of fact, such older land areas are distinctly men- 
tioned on page 424, and elsewhere within the paper. But to speak 
of these older land masses as " the Coast ranges," and to assume that 
they held substantially the same relations toward the interior valley and 
coast line that the mountaio ranges of that name now do, or have done 
since the close of the Miocene, is a very different matter. 

It may be true, as Mr. Fairbanks suggests, that the discussion of such 
oscillations as he refers to might materially strengthen the case against 
isostasy, but it is also conceivable that the discussion of such a broad 
principle may have its value largely increased by a decided tendency 
toward conservatism in the selpction of the fundamental data from 
which the deductions are drawn. In the present state of our knowledge 
it does not appear possible to connect these movements with the mor- 
phogeny of the Great Valley in a eufBciantly definite manner to add any 
value to the discussion in band. 

Mr. Fairbanks says that " the Miocene was terminated by one of the 
most marked changes of level recorded in the history of the region. 
This change was in the nature of a great uplift with the formation of 
several new ranges," and with this statement I am in substantial agree- 
ment. Our main difference is purely oneof definition. He wouidinclude 
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under the term '* Coast RaDges" each land mRssoe as may have exiatfd 
on or nenr the line of the preeent mountaips prior to that upheaval, 
while 1 am diapoBed to restrict the name (particularly in the present 
discussBon) to the phymoi^raphic features ioitiat^il by bo radical a trnne- 
formatioD as then took place. We do Dot know how lar or in what di- 
rection these older laadmasaee extended. The conditions, duriciK 't>s 
Mi«cene. which allowed the accumulation ot the \i:r\ exteneive Miocene 
depoeits which make up so large a portion of the Coast Ranges, were 
certainly very different from those which have obtained since the lie- 
fcinning of the Pliocene ; and it does not appear that sufflcient corree- 
pondence has been made out between the early Miocene diatribution o{ 
land and sea, and that nt the present day, tji warrant ua in ap^iaking 
of these earlier landmasses as the "Coast Ran^e." There is, in brief, 
nothing in the literature that will enable us to reconstruct a Miocene or 
pre-Miocene " Great Valley" which can lie aatiafactorily shown to have 
any direct genetic connection with the present Great Valley of Califor- 
nia. The quotation from Diller which is advanced as iadicatiuK the 
existence ot the Coast Rnnges and ioterior valley in Cretaceoua times. 
namely, "that during the ShastaChico period the Coaat range existed, 
hut did not furninh aufficient ohatruction to keep the open icd out of 
the Sacramentu Valley,'' contains within itnrlf the sug^stion of my 
objections to Mr. Fairhankn' terminology. Moreover, this atatement 
refers only to the northern part of what we know aa the Great Valley, 
and leaves nxun for the interpretution ot a very different physiography 
from that which ia known to dat« from the pont-Miocene uplift and 
folding. F. Leslie Ransome. 

Harvard Univeraily, Dec. 9, 1%'J6. 



PERSONAL AND SCIENTIFIC NEWS 

The Martland Geolorical Sukvev has undertaken a mag- 
netic survey of the state. This work is under the direction 
of Prof. L. A. Bauer. Already observations of the three tnaj;- 
netic elements have been made at about forty stations, aver- 
aging one station to every 2S0 square mile?. The ultimate 
average will be one station to about I-IO B(|uare miles. A re- 
port xin this work is expected to be issued .some time this 
win ter. 

Wisconsin Academy of Science, Arts and Letters. At 
the late meeting of this Society geological papers were an- 
nouneed Bf fiillows: 

The Berlin and Utiev quartz porphvries and Waushara granite, h'aiii- 
iwl Weidmau. 

The pre-Uambrian volcanic r<icks of the Fox river .valley, (I'm. H. 
Hobla. C. K. Leitk and II'. »'. Pnlta. 

Glacial Phennmena of the Barnl>oo diatrict, K. D. Salislmry. 

Certain physical features of Wisconsin. O. L. CulUe. 

Relations of faults, complex fractures, flssility and cleavage to length- 
ening and shortening the crust of the earth, C. H. Viin Him: 
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The opening address was given by Prof, R. D. Salisbury. 
with lantern projeetionp, on ^'Greenland" and the retiring ad- 
dress of the president. Prof. 0. U. Van Hiae, was on ''Kurth 
Moi'eme..tU." The meeting wus held at Milwaukee, Dec. 28-30. 

Mastodok Americanl's. In the museum of Earlham college 
at Richmond, Ind., has rectently been erected a line skeleton 
of this extinct mammal, a photograph of which, eent to the 
Geolooist by Prof. Jos. Moore, shows it is one of the best in 
the country. The following particulars are given by Mr. 
Moore : 

This slceleton is built of the combined remnants of two mas- 
todons; the one found near New Paris, Ohio, the other near 
Losantsviile, Randolph county, Indiana. The two were so 
nearly on the same scale that the one served to piece out the 
other. 

The crimium is the original head of the Randolph tind. It 
was much broken in taking it out of the mud, hut the large 
fragments were rearranged in natural order and the vacancies 
tilled in with paper pulp by Ward & Co. 

The lower jaw is bone throughout. All the grinders arc 
natural teeth. The tusks are paper, but are exactly modelled 
after originals which belong to a very large skull found in 
Orange county. New York. One of the original tusks, the 
left, lies on the platform. It was too brittle and heavy to 
mount. Of the vertebras, including those of the neck, body 
and tail, thirty-six are bone. Of the thirty-eight ribs all are 
bone but three. The sternum Ip bone. All piirts of the fore 
legs are bone except the left humerus. The fore feet are al- 
most entirely bone. The shoulder blades are bone throughout 
their length, but the borders are restored in piaster. The 
hind legs are all bone except the fibula of the left leg. The 
pelvis is a restoration from the massive fragments of the 
original. 

From the pedestal to the top of the higliest spine is eleven 
feet, less half an inch. From pedestal to top of head is eleven 
feet, two inches. From pedestal to summit of pelvis, nine 
feet. Horizontal width of pelvis, six ft., three inches. From 
forward curve of tusks to backward curve of tail is twenty 
feet, two inches. From sole of foot to top of scapula, nine 
feet, seven inches. The femur is 46^ inches long; tibia 28^ 
inches; humerus .S9| inches; ulna .S4 inches; scapula 3K 
inches. Estimated weight when alive, about ten tons. It 
ranks among the largest of known mastodons. 

The skeleton was mounted in the summer of 1895 by Joseph 
Moore and Oaswell Grave, and remounted by the same in the 
summer of 1896. 
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PROFESSOR CH. FRED. HARTT. M. A. 
--A TR[BUTE.' 

By FBKDEB^r W. SiMDNoa. AoBtin. I'eias. 

I Portrait,] 

I. 

Nearly a quarter of a century has passed since, as a student 
of geoliigy, I entered the Inbnratory of this gifted man. A 
teacher full nf youthful enthusiasm, an original worker glow- 
ing with scientific zeal, a friend full of sympathy and love — 
this, my first imprefisinn, years have not dimmed. To study 
in his presence was indeed a pleasure, and, as the days and 
weeks sped by, my reaped and admiration for him knew no 
bounds. To his students he was an ideal teacher whose word 
of commendation brought redoubled ett'orts to please. 

Professor Hartt at this time, the autumn of 1872, filled the 
chair of Economic, General and Agricultural Geology in a 
new, but already famous institution — ('ornell University. He 
waa a member of the original faculty which ossembled in 
Ithaca at the opening of the university in 1868, having re- 
signed the chair of Natural History in Vassar College, aftera 
brief period of service, for, as it doubtless appeared to him, a 
wider field of usefulness. I well remember my first visit to 

■The accompanyiDg likeness represents professor Hartt as he is re- 
menibered by those who knew him in this country, especially hia friends 
at Cornell Uaiversity. In Brazil be became more robust and wore a 
Tull beard, which altered somewhat his appearance. 
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hie liiboratorj, on the second floor of the south wing of the 
recently completed McGraw building. At a emnll table, in a 
large room, surrounded by boxes, barrels and trays, sat the 
indefatigable worker. The wealth of a recent Brazilian ex- 
pedition demanded the attention of himself and his assistants. 
For Bpecial students there was, as yet, no place, not a chair 
nor u table. Furniture was. however, soon provided and in a 
few days work began in earnest. 

Hartt had been a student of the elder Agassiz at Cambridge 
and had made his first trip to Brazil with that great teacher; 
naturally, therefore, it must be expected that his methods 
would be influenced by his training. That they were, I have 
no doubt. 

He subjected each student entering his laboratory to some 
preliminary test and in that way surrounded himself with the 
best material, for the less fortunate ones, if not told so di- 
rectly, soon found that the work of a geological laboratory 
was not their forte and retired. He seemed to fee! that a busy 
man of science could ill afford to waste his energies on mate- 
rial which, at the outset, promised to bear no fruit. 

The instruction offered was individual, adapted largely to 
the taste or inclination of the student. Almost all the work 
was palteontological, consisting of the collection, identifica- 
tion, description and drawing of fossils. This form of in- 
struction aroused in many of his students great int«reet and 
they soon became familiar with the Middle Devonian fauna 
of the lake region of central New York. 

Dilferent phases of work were developed on special occa- 
sions. For instance, among the then recent purchases of the 
university was a large collection of casts and models of cele- 
brated fossils, some of which, it must be admitted, wore not 
as accurate as they should have been. To a person of Hartt's 
artistic instinct the defects were glaring. It is not surpris- 
ing, therefore, that, with the assistance of some of hie stu- 
dents, he should have attempted to produce better and more 
accurate results. That his experiments were a great success 
is attested by the models of Eiiri/p/erus remipet and Asaphvt 
i/iffas still to be seen at Cornell. 

But the greatest source of our inspiration lay in the fact 
that our teacher carried on his private work in our presence. 



dbyGooc^Ie 



Profestor Ch. Fred. Jiartt, ^f. A.—Simo»<U. 

Hie industry, patience and devotion nerved us us an exam 
his enthusiasm aroused ue — we seemed to share with him 
labor. Research, investigation, they had for ub a di/Te 
meaning now — had we not seen the truth-seeker as he un 
eled nature's secrets? Manuscripts, drawings, publicati 
conversations in the brief intervals of rest, — nil kept 
youthful mind in a glow of healthful exoiteraeut. And e 
under his fostering care, some of the advanced and spc 
students began the preparation of original papers. 

A glimpse of his inner li fe may be had from this bit of i 
versation held, in my presence, with a lady visitor. A 
explaining that he rarely made formal calls, he glanced k 
ly towardij a group of his students, saying, "These are nij 
sociates — my friends." This was characteristic of profe 
Hartt. He was atfectionately bound to those with whon: 
worked, — they constituted the little world of his daily a 
ence. And the feelings of confidence and esteem so man! 
to them were reciprocated by that youthful band, who 
spired by the work and words of their beloved professor I 
since carried on geological teaching and investigation.* 

Hartt recognized fully the importance of field work as a 
of geological training. The glens and gorges about Itl 
afforded ample collecting grounds, not to mention the op 
tunities otTered for more extended exploration by the for 
tions exposed along the shore of Cwyuga lake. Annual ex 
sionsto interesting localities were also planned for membei 
the classes in the elementary courses and Huch others as wii 
to join them. In the latter part of May, 1873, over 80 stud 
under hie guidance visited the coal mines and kindred in 
ests at Scranton, Pa., and the following year a large p, 
visited the gorge and falls at Niagara. 

*0t his former students now actively ecgafced in scientifii: ^un 
mention may be made of Dr. J. C Branner, of Stanford Univet 
California; Dr. Theo. B, Cometiick. iatel.v president of the Uaive 
of Arizona: Dr. O. A. Derby, of Sao Paulo, Brazil; professor H. L. 1 
child, of the Univereity of Rothester, New York; Hon. W. F. E. Gu 
State Geologist of Dlinois; Mr. Riehard Rathbun, of the U.S. 
Commission, Washington, D. C.; Mr. M. H. Smith, of Brooklyn, 
Vork; and Dr. F. W. Simonds, of the University of Texas. Furl 
his ioSuence over the large claeees which always ttuoDged hia lee 
room WBB great, and to-day, widely scattered over our country, ma 
found men, In educational and other fields of usefulness, who owe n 
to the inspiring personality of their teacher. 
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Ae B, lecturer, professor Hartt was clear, concise und mag- 
netic. He was, moreover, an artist and his ideas were fre- 
quently reinforced by tlie use of blackboard and etialk, for he 
sketched readily and rapidly. I have in my poseasion notes 
taken from hie lectures in the spring of 1873. They show 
that many of his illustrations were drawn from loeal and 
Brazilian sources — that he brought into his instruction his 
own observations and experiences. The plan of the course is 
admirable and so well adapted to student's needs that it could 
be used as the basis of similar instruction to-day. His lec- 
tures were mainly for general culture, hia advanced instruc- 
tion being, for the most part, confined to his laboratory. Here 
the students were given books and specimens and, after a few 
brief suggestions as to their use, were allowed to work for 
themselves. That keenness of insightwhich guided him, that 
quality so essential to an original investigator, he expected 
to be developed by the very nature of the task undertaken. 
Were it otherwise, the first requisite of a scientific life was 
wanting. 

I have written of professor Hartt as a teacher, for itwasas 
my teacher that I knew him. His career at Cornell ended 
with his departure for Brazil in the autumn of 1874, With a 
few personal friends I accompanied him to the top of the 
Ithaca Z as he left on the train forNew York, and there I bade 
him adieu. Alas, it was a final farewell, as I never saw him 
again. 

II- 

Professor Hartt was n native of New Brunswick, having 
been born at Fredericton on August 23, 1840.* His early in- 
struction was received at Horton academy, Wolfville, Nova 
Scotia, after which he pursued an advanced course at Acadia 
college. From early childhood lie had shown a marked fond- 
ness for natural hist-ory, and now, as a college student, he be- 
came greatly interested in geology. Having graduated with 
honor, in 1860. ho accompanied his father to St. John, New 
Brunswick, where they jointly engaged in teaching. Here his 
interest in geology was again shown by the beginning of a 
successful exploration of the ■' fern ledges " on the Bay of 
Fundy. This exposure of Devonian shales, lying largely he- 
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tween the tide-marks, utforded much material, plant and in- 
sect remains,* new to science, the discovery of which added 
not a little to the already increasing fame of the young geol- 
ogist. His account of this locality may be found ki Dawson's 
Acadian Geology. f About this time (186.^) occurred the 
moat important event in his career, viz., the acceptance of an 
invitation from Louie Agaeeiz, the foremost living naturalist, 
to come to Cambridge as a special student in the great museum 
he had there established. For three years Hartt labored un- 
der the direction of that eminent teacher, spending his vaca- 
tions in the further investigation of the geology of Nova 
Scotia and New Brunswick. In 1861 he accepted a position 
oi\ the Geological Survey of the latter iirovince where, in con- 
junction with professor G. F. Matthew, be first recognized the 
Primordial group. 

In 1865 he was appointed by professor Agassiz, one of the 
geologists of the Thayer expedition, and in that capacity ac- 
fiit'ipanied him to Brazil. On this and a subseqiient private 
expedition in 1867, he accumulated the materials, which, when 
elaborated, were incorporated in a handsome book of over six 
hundred pages entitled "'Geology and Physical Geography of 
Brazil," published by Fields, Osgood A Co., Boston, 1870. 
In the prefatory note of this work professor Hartt wrote: 
"This volume is the result of two journeys made by myself 
"in Brazil. The first was undertaken under the direction of 
"professor Agassiz in connection witli the Thayer expedition 
"in the years 1865 and 1866. On this journey I studied very 
'■carefully the geology and physical geography of the coast 
"between Hio and Bahia, going over a very large part of the 
"ground on horseback or in s canoe. • * Mr. Cnpeland and 
"I made very large collections of marine invertebrates and 
'•fishes, though we did not neglect to secure other objects of 
"natural history. I hope that these collections will throw 
"much light on the fresh water and marine animals of the 
"coast, and, ns they were made at frequent intervals between 
"Bahia and Kio de Janeiro, that they will prove valuable in 

For many years these Upper Devonian tueslle were regarded as the 
'' it represcDtatives of insect life in the world, a few spi^ciuiens only 
; becD found, in Europe, as low as the Carboniferous, but late 
eriea, in Bouthern Sweden, show that insect-life Is there repre- 
nted as far back as the Lower Silurian. 
tSee Second Edition p. 513 et seq. 
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"the study of the distribution of these Hiiimuls. My Rtudiee 
"of the stone and eoral reefe and of the geology of Brazil 
"proved so very Btt<-active to me that on the year following I 
"returned to Brazil, and spent my vacation, several months, 
"in examining the coast between Pernambtico and Bio, ex- 
"ploring more particularly the vicinity of Bahia and the ie- 
"lands and coral reefs of the Abrolhos. • • * 

"This volume was intended at first as a report to professor 
"Agassiz as the director of the Thayer expedition, embracing 
"simply the results of my explorations as a geologist of that 
"expedition, together with those of my seeond independent 
"journey, both reports to be published among the contribu- 
"tione of the Thayer expedition. During the preparation of 
"these reports, and in eonsequence of the delay in publication, 
"I have had the opportunity of examining more or less crili- 
"cally the works of the majority of the writers on Brazil, and 
"the volume, from a simple report of my own investigations, 
"has grown to a general work, in which I have ineorporated 
"the best results of others who have written on the geology 
"and physical geography of Brazil." 

It is scarcely possible to review here with sufficient minute- 
ness a production of so great magnitude — so varied are the 
topics treated. The author's own studies were confined main- 
ly to the coast provinces, but, as above stated, he carefully 
compiled, in addition, the observations nnd conclusions of 
others, thus giving the subjet-t a wider scope than his own 
research would permit. Nor are matters of economic import- 
ance omitted ; for instance, a chapter is devoted to gold min- 
ing, and the occurrence of the precious metal in many locali- 
ties is recorded. There are also notes on the occurrence of 
diamonds and the diamond-washing industry.. The last 
chapter (XIX) is devoted to a resume of the geology of the 
empire, and the volume concludes with an appendix of 30 
pages "On tho Botocudos,'' one of the most primitive of the 
native races. Mention should also he made of the many illus- 
trations in the text and the large sketch map, compiled and 
drawn by the author himself and reproduced by the Osborne 
process. 

Upon the establishment of the American Naturalist, in 
1867, Hartt became a contributor and from time to time, for 
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ten years, furnished papers of unusual interest upon a. variety 
of topivs, geological, ethnological and descriptive. Hieaoute 
and accurate observations were not confined, as in the case of 
many specialists, to the objeot directly sought, but everything 
bearing even remotely upon it was deemed worthy of investi- 
gation. And thus it happened that though a professional 
geologist he has left behind many observations and notes upon 
the habits of life, burial customs, language and utensils of 
the native races of South America. 

In the first volume of the Naturalist (June and July, 1867) 
he published a paper on "The Recent Bird Tracks of the 
Basin of Minas," in which he gave an account of the nnique 
tidal phenomena to be witnesiied in the easternmost arm of 
the Bay of Fundy, the deposits resulting from it, and showed 
how the tracks of animals, especially birds, and even the im- 
prints of the falling raindrupe, are recorded on the mtid-flats 
and, in sheltered situations, preserved. 

•'From these studies," he wrote, "we must see that the phe- 
"nomena going on around ua must be the Rosetta Stone, which 
"shall furnish us with the key for the deciphering of the hie- 
"roglyphics of the Stone Book, and that we shall understand 
"the results of the forces which acted in the past in propor- 
"tion as we correctly understand their action in the present." 
The opening article of volume II (March, 1868). entitled 
"A Naturalist in Brazil," is from his pen. He noted here the 
wonderful geological resemblance between the eastern coasts 
of Brazil and the United States, and, by means of sections, 
made clear the relations of the different formations between 
the mountains and the sea. The evidence of the recent up- 
heaval of the Brazilian coast is briefly mentioned, as for in- 
stance, beds of sand i^ontaining recent species of shells and 
rocks containing the nests excavated by sea-urchins, now 
raised above the high-tide mark. 

He also described the Abrolhos islands, their position on the 
submarine sheif of Brazil; their structure: the decay of their 
trap-rock covering; and their fauna, both terrestrial and ma- 
rine.* 

•ProfesBor A. E. Verrill has described a numlier of new species of co- 
rals from this vicinity collected by profesBor Hartt. See Trans, Conn. 
Acad, of Arts and Sci., vol. i, pp. 351-371. Some of the deecriptiooB 
accompany the above paper as notes. 
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But the most important unimuncement ie that of the exist- 
ence in this vicinity of true coral reefs. Heeaid: ''While 
"engaged in the late Thayer expedition under professor Agas- 
"siz, in company with Mr. Edward Oopeland, the writer dis- 
"eovered some quite extensive reefs in the bays of Santa Cruz 
"and Porto Seguro, and made out, in a general way, their 
"structure. Fishermen and pilots described the reefs of the 
"Abrolhos as precisely like those at Porto Seguro, and a note 
"in a chart of lieutenant Mouchez. which afterwards fell into 
"the writer's hands, left no doubt of the existence of extensive 
■'coral reefs in that region. The return of the expedition left 
"no time for their exploration, but the writer, during his visit 
"to the Brazilian coast last summer, gave them a careful ex- 
"amination. • • • 

"The great shelf of the Abrolhos lies, over a very large area, 
"at a depth of less than a hundred feet, and the conditions 
"for the growth of corals are of the most favorable kind, 
"In consequence of this, we find here not only around the 
"islands, but in the shoal, open waters, very extensive reefs 
"and banks, which, in an area of fifty miles square, occupy a 
"space of nearly one hundred and fiEty square miles,"* 

In the April number of the Naturalist, for the same year, 
(p. 86) under the title "The Cruise of the Abrolhos," he des- 
cribed the reef-grounds of the Abrolhos region, known as the 
Paredes, with its mushroom-shaped coral structures, or 
chapeiroe.s and reefs. 

His account of Iteci/e do Lixi>, with its myriads of living 
forms, is especially vivid. "The whole reef is alive," he ex- 
claims with an enthusiasm which becomes contagious, and his 
readers peer with him into the clear pools and behold in 
strange places many interesting and unfamiliar phases of life. 

In 1869 Hartt was honored by an election to the General 
Secretaryship of the American Association for the ><lvaT.<.o_ 
ment of Science for the Troy, New York, meeting, 1: 
the time came he was conducting another exploratioi 
zil, known as the first Morgan expedition. 

In his preliminary reportj he says : "My expediti' 
"Amazonas, in 1870, was undertaken chiedy for the 

*Pp. 9 and 11. 

^Bulktin of the Cornell Vniveraity, Seiente, vol. 1, no. 1, 
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"of f>tud;ing the geology of the valley, and of examining the 
"table- topped hills, which last had been referred to the Drift. 
•'I wished, also, to fake into the field a number of scientitic 
"students from Cornell University, in the expectation that 
"some of them, at least, might be stimulated to devote them- 
"selves to the life study of forae branch of natural history."' 

On this expedition he was accompanied by a party of 
twelve, one of which was hie colleague, professor A. N. Pren- 
tiss, of the chair of botany. The remainder were chiefly 
students. Mere again that kindly npirit, so characteristic of 
Prof. Hartt is shown, for no one realizi>d more fully than he 
that the care, responiii bill ty and training of an inexperienced 
body was not only a burden, hut that it involved a personal 
sacrifice as well, viz:, the loss of much valuable time from 
bis own scientific pursuits. But hn expressed no regret at his. 
course; on the contrary, he rejoiced, for, of that little band, 
several were induced to enter upon scientific careers. 

"If," he wrote, "to discover a new Carboniferous fauna will 
"repay a journey to Brazil, of how much greater importance 
"is the discovery of a new naturalistV Had the expedition 
"produced no other results than to have added four new men 
"to scienee, I should have considered time and money amply 
well spent."* 

Upon the return of the expedition lie published a brief 
paper, in the Ameyiom ./oiinial iif Science for April, 1871, on 
"Amazonian Drift," in which he set forth his disagreement 
with professor Agns);iz regarding the glaciation of the Ama- 
zonian valley. The views of Agassiz may be found in ehap- 
.ter XIII of his "Journey in Brazil."f As epitomized by Hartt 
they are as follows; "Prof. Agassiz has claimed that the geo- 
"logical structure of the Amazonian valley is very simple; 
"that, from one end to the other, there were laid down in a 
"fresh water lake, formed by the damming up of the mouth of 
"the valley by a glacial moraine, beds of eands, clays and 
"sandstones, filling thevalley to thehightof nearly a thousand 
"feet abo%'e the present level of the river ; that, from the burst- 
"ing of the barrier and draining of the lake, the uppermost 
"beds were swept off from over a very great part of the valley, 

*BuU. of the Cornetl Univ., loc. cit. 

tA Journey in Brazil, by professor and Mrs. Louis Agaauz. Boston: 
Houghton, MifBin & Co. 
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"leaving only iflolated outliers ae a eeries of table-topped hills 
"or aerraa, like those of Almeirim. PnrauAqu&ra, Vclha Pobre, 
"4o.i( that the lake reduced t» a lower level, then threw down 
"over the denuded area a sheet of clay, the river finally cut- 
"ting its channel through this clay and the underlying sands, 
"etc. He did not claim to have found grooved or striated 
"aurtaces on the Amazonas, and the only supposed erratics he 
"diBcovered were the diorite boulders found on the flank of 
"the Serra of Erere." 

To this Hartt could not give his assent and in the same 
paper he said: "To speak broadly, 1 did not see either at 
"Erere or in any part of the Amazonas anything that would 
•'suggeBt glacial action. So far as the province of ParA ie 
"concerned, the clays, sands, etc., forming the lower lands are 
"far from being uniformly distributed and are very puzzling 
"to study. The arrangement of the materials varies in diifer- 
"ent regions, and many of the deposits are local. In part the 
"lower lands are formed from the material derived from the 
"wearing down of the great sheet of clays, etc., of which the 
"Almeyrim and Santarem hills are relics; in part they are of 
"brackish or fresb water origin deposited when the river stood 
"at a greater bight; and much is the very recent work of the 
"river. The variegated clays are not all of the same age. 
"Superficially examined they appear to be universally dietrib- 
"uted, but it is very far from being the case. It is impossible 
"to recognize and trace beds of clay in the Amazonian valley 
"with the aid of lithological characteristics alone. It is sufH- 
"cient to say that variegated clays of exactly the same ap- 
"pearunce and structure, because formed of materials which 
"have been reworked or were originally drawn from the same 
"source, occur in the Devonian, Carbiiniferous, Tertiary, and 
'•in half a dozen successive formations of recent times. 

"I have referred the beds of the table-topped hills to the 
"Tertiary. Some of the clays and sandstones of the lower 
"Amazonas may also be later Tertiary; but many are un- 
"doubtedly recent, as they are full of leaves of modern species. 
"Near Santarem I found a bed of fresh water mussels, Casla- 
•'lea, Ilynrea. Uiiio, etc.. whose upper limit was at least fifty 
"feet above the level of the highest Amazonian floods. This 
"is in exact accord with the facte I have given elsewhere bear- 
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"ing OD the late rise of the Brazilian coast, a rise whieh ex- 
"tended itself into tbe interior. Before this riee the land stood 
"much lower than at present; the island of Marajo dill not 
"exit^t, and the Amazonas formed an estuary opening widely 
"to the sea. Not only were the lower plains of Pari flooded, 
"but immense tracts of the province of Amaxonus were cov- 
"erfd with water. How fur this salt water penetrated I do 
'*not know, but the ohelle of Pebas show that at one time its 
"influence may have extended far up toward the Andes. At 
"the time of the growth of the Santarem shells the water may 
"have been brackish. With the gradual rise of thecontincnt, 
"not of the Andes alone, the fresh waters drove down the salt, 
"the river bed with its niimeroita side chuoncls was hollowed 
"out of the emerging bottom, the sea began to attack and cut 
"away the coast lands, and the present estuary condition of 
"the mouths of the great river was brought about." 

He also showed thHt the so-called "errntic?" at Erere, where 
he spent a month, "going over the ground on foot in every 
direction, and in the mostt detailed way," to have been derived 
from a large mass of trap that had "given rise to a great num- 
ber of boulders of decomposition which lie on the surface, or 
arc buried in decomposed rock. They haveoften been carried 
down the beds of torrents, but they are nowhere erratics." 
Again, in a paper "On the Tertiary Basin of the Maraiion," 
published in the Arnericau Journal of Science for July, 1872, 
he expressed his disbelief in tbe glacial origin of tbe Amazon- 
Knowing Hartl's great appreciation of Agassis, and the 
warm personal friendship that existed between them, I doubt 
not that he felt keenly the necessity of ditfering so strongly 
from tbe views of hia eminent teacher. To follow science is 
to search for truth. To correct error is essential to progress. 
In this spirit Hartt fett it to be his duty to publish hie obser- 
vations to the world. 

In the American yaliiralist for May, 1871, vol. v, p. 139, he 
published a paper on "Brazilian Rock Inscriptions," with nine 
full page illustrations, in which he reproduced some ()f the so- 
called hieroglyphics of the Rio Tocantins, near the lower 
falls, and of the Serra of Erere, on the north side of the Am- 
azon valley, near Monte Alegre, together with some figures 
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from the Serra of Obidns and the Rio Oyapock, given him by 
his friend, Senhor Ferreira Penna, of Par4, 

The first mentioned figures, which are exposed only during 
low wafer, appear to have been rudely chiseled in the rock, a 
bard qiiartzite, of a diirk red or brownish eolor. The Erer« 
drawings have been rudely drnwn witii a reddish paint, 
though in some instances that of a dirty yellow color, as well 
ne the red, has been employed, A great variety of objects 
are represented here: human faces, animals, and probably the 
sun, moon and stars, etc. "I hold it most probable," said 
professor Hartt, in the accompanying text, "that the rock 
painting and sculpturiogs are made by Triheswhiuh inhabited 
the Amizonae previous to the Tupi invasion. The eculptur- 
ingeare pupposed to be older than the paintings. • • I 
think the Erere figures have a deep significance. A people 
who would go to BO much trouble as to draw figures of the 
Run and moon high up on cHWa on tops of mountains, must 
have attached agreat importance to these natural objects, and 
I think that these figures point to the worship of the sun by 
the tribes which executed them. The clustering of the in- 
scriptions in prominent places, and especially on and in the 
vicinity of the rock tower at Ererc, seems to me to indicate 
that these places had something of a sacred character, and 
were often resorted to. Many of the figures seem to be the 
capricious daubings of visitors, us, for instance, the human 
faces, drawn on angular rock projections. Some of the ani- 
mal forms ma; have had a sacred character," 

"I know of no trace of sun wi^rship among the uncivilized 
Indians of PiirA to-day, nor do they make rock paintings or 
inscriptions. The greater part of the Brazilian Indians, suvh 
as the Tiipis, the Botocudoes, etc., appear to have no idea of 
God, and no form of worship." 

In the same magazine, for July, he contributed another pa- 
per, entitled "The Ancient Indian Pottery of Marajo, Brazil," 
describing burial jars and idols collected by his assistant, the 
late Dr. William Stebbins Barnard. This article was illus- 
trated with ten figures on wood. 

The second Morgan expedition to the Lower Amazonas was 
undertaken in 1871. The party was a small one. Mr. O. A. 
Derby accompanied the professor as assistant, and at Santa- 
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rem they were joined by Mr, J. B. Sleere, of the Michigan 
University. Returning to the United States, professor Hurti 
resumed his dutiefl at Cornel! in the winter of 1872. The fol- 
lowing year he delighted the stiidentB with » coui-se of lectures 
upon invertebrate zoology, a synopsis of which, covering six- 
teen pages, was published by the university press. 

May 16, J871, be read a paper before the American Geo- 
graphical Society of New York, on "Recent Explorations in the 
Valley of the Amazons," whieh, corrected after his return 
from the above mentioned expt^jtion, was published in the 
journal of that body for 1872 (vol. iii, pp. 231-256, 1873). 
He here sketched the geology of the region about Monte-Ale- 
gre and the Serra of Erere, giving an account of the discovery 
of Devonian fossils, and recorded his observations upon the 
topography, tlie vegetation, and the soil of the district. 

He next discui^sed the Carboniferous rocks and fossils of 
the Tapajop, especially those discovered at Itaituba and on 
the Igarapp do Bom Jaidini. The latter locality was of un- 
usual interest on account of the prevalenceof silicified fossils, 
among which may be mentioned the interiors of many species 
of brachiopode.* 

In this communication Hartt also gave an account of his 
visit to the Serra of ParauaquAra, maintained the impossibil- 
ity of the glacial origin of certain Amuzonian deposits, and 
expressed his belief in the more or less local origin of the 
Pari deposits. 

In 187-1 he published some of the results of the Morgan ex- 
peditions under the following titles: 

"Contributiona to the Geology and Physical GeoRraphy of the Lower 
Amazonas. The Erer^-Mont-Alegre District and the Table-Topped 
Hilia," in the BulMin of the BitffnU- Society of ^^attlTal Science for 
January, 1874, 

"Preliminary Report of the Morgan Expeditions, 1870-71," and "Re- 
port ol a Reuoonaisance of the Lower Topajos," both in volume i of the 
Bulletin of the Corttell Uiiivernity, Science, 1874. 

About this time he lectured before the Katural History So- 
ciety, one of the best known student's organizations, upon 
"Evolution in Ornament." This extremely interesting lecture 

•See paper "On the Carboniferous Brachiopoda of Itaituba. Rio Ta- 
pnjoB. Prov. of Pari. Brazil," by O. A. Di?rby, M. S. Boll, of the Cor- 
nell Univ., vol. I, no. i, pp. 63: plates viii. 
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was afterwards repeated elsewhere, and, in an elaborate rorm, 
was fitiatl; published in the PopvUir Science Monthly for 
January, 1875. 

The interest manifested in hie explorations by the emperor 
of Brazil, and other otfieiole high in authority, led Hartt to 
hope for governmental aid, and the puecess of the Geological 
and Geographical Survey of the Territories, under Dr. Hay- 
den, and the Geographical Surveys west of the 100th Merid- 
ian, under Lieut. Wheeler, in thiscounlrj', stimulated a desire 
on his part to direct a similar enterprise in the great South 
American empire. Aeeordingly, in the antumn of 1874, he 
went to Rio Janeiro with the intention of establishing, if pos- 
sible, a geological survey of that country. It has been said j 
that he was invited by the Brazilian minister of agriculture 
to submit plans,* but Dr. J. C. Bninner, who accompanied I 
him, is of the opinion that the trip was undertaken entirely i 
upon his own responsibility. f Be that as it may, he did sue- 1 
oeed in establishing an Imperial Survey, and though his plans 
were greatly curtailed, work began in May or June of the fol- 
lowing year (1675). 

"In the prime of his early manhood, vigorous in health, 
active, persevering, enthusiastic, with a reputation in science 
already well recognized, and with a familiar acquaintance 
with the country and people that he was now called to serve, 
Hartt entered on his great career amid the pride and conii- 
dence of all who knew him aright. Nor did he fail to sustain 
his reputation. In the face of many difficulties and perplex- 
ities — the jealousies, the ignorance, and the wretched mock- 
economy, that wear the brain and waste the time of almost 
every head of great scientific enterprises — he pursued his 
plans. With his faithful assistants, mainly young men who 
had been brought forward under his own instruction at Cor- 
nell, he explored, collected and wrote, until at last the hand 
of death stayed his ceaseless activity."* 

In addition to his many duties he accepted, in 1876, the di- 
rectorship of the department of geology in the National Mu- 

^Rathbun, Popular Science Monthly, vol xiii, p. 233. 

{The Cornell Ma^zine, vol, ii, p. 187, note, 
ProfesBor Daniel H. Martin, in the Proceedings of the Fifteenth .An- 
niversary o£ the University Convocatiou of the State of New York, Ne- 
crology, pp. 1-27. Albany, 1879. 
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seum at Rio, but the burden waa too great, and, in a ehort 
time he was obliged to relinquish it. 

His Hrst preliminary report, as chief of the geological 
survey of Brazil — translated from the Portugese by professor 
Theo. B. Comstwk — was published in the AmtrU-.an Journal 
of Science for June 1876 (HI, xi, pp. 466-472). It deals with 
a variety of subjects : brief observations on the loculilies he 
had visited in person; the work of his assistants, Messrs. Or- 
ville A. Derby, Richard Rathbun, John C. Branner, Dr. Ellas 
P. Jordao and Senhor Mare Ferrez, his photographer; the 
kind and extent of the collections made; and future plans. 
From it I condense the following: While awaiting instruc- 
tions, in company with commander E. P. Wilson, he visitad 
the gold district in the southwestern part of the province of 
MinasGeraes and verified the occurrence of the precious metal 
in three distinct deposits, viz.,— distributed in more nr less 
irregular veins in Archtean gneiss which is very much de- 
composed ; in tht lower part of a red earth which covers this 
region; and in alluvial deposits of the river valleys. 

In July of that year (1875) he established a laboratory at 
Pernambuco and began a systematic exploration of the vicin- 
ity which resulted in the discovery of highly fossiliferous 
beds of Cretaceous limestone. At the same time he carefully 
examined the reefs aloug the coast, which are of two distinct 
types, coral or calcareous and consolidated sand beaches or 
siliceous, and partly mapped the reef of Pernambuco, a rep- 
resentative of the latter class. On the following September 
he conducted a reconaissance along the Sao Francisco river 
to a point a little above the rapids of Paulo Alfonso, which 
was supplemented by a trip to Serra de Maria Farinha, from 
the summit of which he was able to form a conception of the 
topography of the adjacent country — a large part of the 
provinces of Sergipe and Alagoas, and portions of those of 
Bnhia and Pernambuco. He recognized a plateau of gneiss 
less than a thousand feet high, on which the rivers run in 
shallow channels, and from which peaks or serras (serrated 
ridges) rise abruptly, rarely exceeding 2,50U feet in altitude. 
In Sergipe and Pernambuco they are usually of gneiss or re- 
lated rocks, while in the provinces of Bahia and Pernambuco, 
in the region of the Sao Francisco river, there are large serras 
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and table-InndB of sandstone, a formatioD he believed to have 
once covered this entire region. He also noted the extraord- 
inary erosion etfecte on gneisf, produced by transported sunds 
and ptones, at the rapida of Paulo Aifonso — the formation of 
innumerable pot-holes, their communication with one another, 
and the Hnal excavation of the rocit in connequence. 

Moat of his papers, writeii while he was in Brazil, were 
published in Portugese, but the following were printed in 
Englisii : "Notes on the manufacture of Pottery among Sav- 
age Races," 1875; -'Amazonian Tortoise Myths," 1876. 

In June, 1877, the work of the survey was suspended. 
How great was Hartt's disappointment none but his closest 
friends can tell. That it wore upon him seriously there can 
be no doubt. In the spring of 1878 he fell ill, dying rather 
unexpectedly on the 18 th of March, at the comparatively early 
age of thirty-seven years and seven months. It was reported 
that he was a victim of that terrible scourge, yellow fever, 
then raging in Rio, but, according to Dr. Branner, the attend- 
ing physician expressed the opinion that his death resulted 
from congestion of the brain.* 

The following extract from his last report covering the in- 
t«rval between July 1, 1877 and January 1, 1878, will give a 
notion of his great activity and serve to show how the closing 
months of his eventful life were spent. 

"The Geological Commission of Brazil found itself, on re- 
"turning from the field, with an immense mass r-f most vhIu- 
"able material, for the most part new, and without a scientific 
"library, without access to museums and separated by an 
"ocean from' specialists in its various departments. The idea 
"of working up pala'ontological and geological results under 
"these conditions and of presenting reports on a par of ex- 
"cellence with those of other geological commissions would 
"seem Utopian to foreign scientific men, and I should never 
"have undertaken the work had not my knowledge of the 
"country enabled me to foresee results and to prepare myself 
"and my assistants beforehand for the probable work before 
"us. Except for several years of preparatory work in the 
"United States, the consulting of the best libraries and mu- 



Digitized by LjOOQ IC 



Professor Vh. Fre'I. Hartt, Jf. A.—.Sim'niih. SS 

"seiiiiiB and the taking of advice of peientiflc men eminent in 
•■specittltiee likely tt. be of nee in Brnzil. and but for the fact 
"that pa<rh man came to his work furnished with Hbunduut 
"notea luid books it wniild have been imposKible to have done 
"more than prepiire mere broad descriptions of the parts of the 
"country explored and anything like theoritical study of fossils 
"and the aCL-nrate determination of formations would have 
"been absolutely impossible. Alt this preliminary work, so ex- 
'•ceedingly important tn the Geological {'ommission. has cost 
"nothing to government. Instead of being forced to send 
"collections to foreign scientific men for study, the Geological 
"Commission has been able, in its own laboratories and with 
"its own resoiirci'i, to prepare for publication n very consid- 
"crahle part of its results, though this work has naturally 
'•progressed much more slowly than it would have done under 
"fiuperinr odvantages. My great desire has been to lay a firm 
"foundation for Brazilian geology in the development of pahe- 
"ontological localities and the accurate determination of 
"characteristic formations by means of fossils, and to this 
"end the Commission has labored with a degree of succesji 
"surprising even to myself, and we find ourselves to-diiy with 
"an ewhiirriiH </e rfvliesneit. The Commission as at present 
"constituted comprises only sis persons, on whom has fallen 
"all this work of collecting, arranging, and studying this ma- 
"terial, which in richness in to be compared with that of the 
"'Thayer,' or 'Ilassler,' or •(.'liallenger' expeditions; and it is 
"not reasonable to expect that, without free access to scien- 
"titie libraries and to collections for comparison, the work of 
"the Brazilian Commission should go on more rapidly than 
"that of the Foreign eoramissioiis where the material is divided 
"Up among dozens of specialists and where the scientific man 
"enjoys every advantage. As it is, it will be several years be- 
"fore the full results of these comniJBsions are prepared for 
"publication. For six persons to unpack, assort, prepare, and 
"describe the immense collections made by the Geological 
"Commission in less than one year was an absolute impossi- 
"bility, as every scientific man will agree with rae. and in the 
"six months generously granted me after the suppression of 
"Commission by the C'amaras I had only the hope of saving 
"as large & fragment as possible of our results. It is needless 
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"to Hay that it has been entirely out of our power to finieh 
"the work, notwithstanding that the tnembers of the Ooinmis- 
"eion have worked unceasingly day and night on their hercu- 
"lean task. Neither is the discussion of the material finished, 
"nor are the oolleetiuns fully determined or arranged. Ev- 
"erything possible has been done, but the work is not ended."* 
Uis career in Brazil has been eumm&rized by Mr. Ruthbun, 
his student, assistant and friend, in these words: "Hartt's 
"greatest achievement in Brazil was probably his solution of 
"the structure of the Amazonian valley. It was founded on 
"the best of pal leon to logical evidence which proves theexist- 
"ence of an immense palaeozoic basin lying between the met- 
"amorphic plateau of Quiana on the north, and that of central 
"Brazil on the south, and through which flows the river Am- 
"azonas. Silurian, Devonian and Carboniferous rocks make 
"up the series in regular succession, and in many localities 
"are highly fossiliferous. He has explained the character of 
"the isolated Cretaceous deposits, mostly discovered by him- 
"self, existing along the coast from Fard to Bahia, and of the 
"Carboniferous and other regions south of Rio. He has 
"shown us the manner in which the rocky structure of Brazil 
"was built up, and has done much toward solving the rela- 
"tions of the crystalline rocks which compose by far the 
'■larger portion of its surface. He has explored the shell- 
"heaps, burial-mounds, and other relic-localities of prehistoric 
"tribes from far up the Amazonas to the southernmost coast 
"province. We owe to him also the first real satisfactory ex- 
"planation of the reefs of Brazil, which he distinctly shows 
"to be of two kinds — sandstone and eoral. He spent much 
"time in studying the customs and languages of the modern 
"Indian tribes of the Amazouas and Bahia, and collected very 
"much material toward a gram'mar and dictionary of the 
"Tupi Indian language in several of its dialects. • * In 
"connection w^lth the Geological Commission of Brazil be 
"founded a large museum in Rio de Janeiro, which will al- 
"ways bear testimony to his great final undertaking."! 

♦Proceedings ot the Boston Society of Natural History, vol. xix, pp. 
357-358. 

tSketch of Professor C. F. Hartt, by Richard Rathbua. The Papu- 
lar Science Monthly, June, 18T8, 
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To thJB may be added the following from Dr. Branner:-"!! 
"is notdifflcult to Bum up Hartt'e influence upon geological 
"work in Brazil, for with very few exceptions all the work of 
"thiB character which has been done in that country Bincc 
"1874 ie traceable, either directly or indirectly, to the impetus 
"given it by Hartt. For the most part the work has been 
"done by some of Hartt's students and assistante, and as he 
"was not a narrow specialist, but a broad minded natural- 
"iet, bis students have also done other than purely geological 
"work. • • • 

"But Hartt's good influence has done even more for Brazil 
"in keeping up the tone and character of scientiKc work than 
"in the results thus far published. A couutry situated as Bra- 
"zil is, far removed from the centres of scientific activity, is of- 
"ten the prey of the grossest forms of scientific charlatanism. 
"Hartt and his assistants naturally came in contact with this 
"class of men, but he so impressed the leading men of the 
"empire with his ability and integrity that charlatanism was 
"never able, in his presence, to make much headway."* 

Finally one cannot fail to be impressed with Hartt's phe- 
nomenal success as a teacher. His connection with Cornell 
University scarcely reached ten years (fall of 18C8 — spring 
of 1878), of which less than six were spent in actual service. 
Yet, in that brief interval, he inducted to scientific careers a 
surprisingly large number of young men who, now in the 
prime of their usefulness, bear witness to the far-reaching in- 
fluence of their eminent teacher. 

His widow, Mrs. Lucy L. Hartt, of Buffalo, N. Y., a son 
and a daughter survive him. 

List ov the Published Wbitikos of Ch. Fred. Habtt, M. A., 

First Professor in Cornbli. UwrvEReiTv. 

1864. 

1. The Rold of Nora Scotia, of Pre -Carboniferous age. Canadian 
Naturalist, vol. i, pp. 450-161. 

1865. 

2. Preliminary notice of a fauna of the Primordial period in the vi- 
cinity o( St. John, N. B. Bailey's obeervationson the Geology of South- 
ern New Brunswick, pp. 30, 31; alao Canadian Naturalist, vol. ii. pp. 
318-320; and Dawson's Acadian Geology, 2d edition, London, 1868, pp. 
641-643. 

*The Cornell Magazine, loc. cit. pp. 191-192. 
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3. On tte Devonian plant locality ot the "Fern Ledftes," Laocaater, 
New Brunswick, with a detailetl section, und notes on the fosaila. Bai- 
iey'a observations on the Ot'oloRy of Southern New Brnnawick, pp. 131- 
141. (IncludBH Scuddor'9 report »m Devonian insects.) .\n abridge- 
ment of this appeared in Dawaun's Acadinn Geology, 2d edition, under 
the follovring titles: 

3(1. Section of the "Pern I^edgea." near St. John (N. B.), pp. 513-516. 
.1(1. Section ot the Little River Group at the "Porn IjedRee," Lancas- 
ter, N. B„ pp. rilG-5-23. 

4. List of New Brunswick fossils. Bailey's Oliservatione on the Ge- 
iilogj- of Southern New Brunswick, pp. U.I-liT. 

1807. 

it. The recent bird tracks of the basin ot Minas, (Nova Scotia). 
American Naturalist, vol. i. {June), pp. 109 17B; and (July), pp. 231213, 

C. On a sub-division of the Acadian OarlH>DiferouB Linieatones, with 
a description ot a section across these rocka, at Windsor, N. B. Cana- 
dian Naturalist, vol. in, pp. 212-224. [For sumnmry of this paper see 
Dawson's Acadian Geol.. 2d ed., pp. 27i»-280.1 

7. Naturalist in the West Indies, |unsisned; supposed to have been 
written by profcFsor Hartt). New York Tribune, Nov. 7. 

1808. 

8. .\ vacation trip to Brazil. American Naturalist, vol. i (Feb.), pp. 
042 051. 

9. A naturalist in Brazil. American Naturalist, vol. ii (Maj'ch), pp. 
1-13. 

10. The cruise ot the "Abrolbos." Americnn Naturalist, vol. ii, 
, (April), pp. aJ-93; one cut. 

11. (Descriptions ot Acadian toasils.| Taken from thcMS. of profes- 
sor Hiirtt- Dawson's Acailian Geolc^y, 2d edition, pp. (yl3-6ri7. 

12. R*'BUm^of a lecture on "The Growth of the South American 
Continent." The Cornell Era, Ithaca, N. Y., December 12; reprint, 
pp. 8. 

1869. 
l.S. A chapter on Cuttle fishes. By Lucie L. Hartt. [The facts 
were drawn from one of professor Ilartt'a note IwiokB.] American Nat- 
uralist, vol. Ill (July], pp. 2^7 2^1: I cut in text- 

11. On the Botocudosof Brazil, absti'act. Proceedings of the Amer. 

Asso. tor the Advancement of Science, J8th meeting, pp. 273 274. 

1870. 

1,"). Geology and Physical Geography of Brazil, Thayer expedition, 

F<vo„ pp. xxiii, 020; large sketch map; 73 illustrations in text. Bi«ton: 

Fields, OsgoiKl &. Co. 

1871, 
IG. Discovery of Lower Carboniferous fossils on the Rio Tapajos, [a 
letter], American Naturalist, vol. cv (Jan.), pp. (!94-(i9"). 

17. Amazonian drift. American Journal of Science, III, vol. r (,\pril|, 
pp. 294-296. 

18. Devonian rucks in the .Amazonian valley. American Naturalist, 
vol. v (April), pp. 121 122. 
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19. Brazilian r(H;k inet-riptions. AinmcHD NutoraliHt. vol. v (Mayt. 
pp. 139117; 9 platen; 1 cut. 

20. The ancient Indian potti'ry of Maraju, Brazil. Aiuerician Natu- 
ralist, vol. V (Juijj, pp. 259-271: 11 cuts in text. 

21. Diticovery of MnBtixlon reniaina at Mott'o Uoi'ntrB, neav Itbat-a, 
N. y. American Naturalist, vol. v rJuIyi, pp. 314 315. 

1872. 

^. Ou the Tertiary baain of the Maranon. Americ-an Journal of 
Si-ienL-e. Ill, vol. iv (Jul.v). pp. 5.1 58. 

23. On [ho (x.-current-e of fijire urns in Brazil. American Naturaliet. 
VI)!. VI lOet.), pp. 007-010; 1 plate. 

21. Notea on the Lin^oa Geral, or uKHlern Tupi of the AinnzoDas. 
Trana. of the Anier. Philolo){. A'ibdi;., p. 20. 
1873. 

2*1. R'cent exploration? in tho vail'!}' of the Atnazonaa, with map. 
Joumalofthe American Gc-ographi<-al Society i)f Now York, vol, in, 
1870-71, pp. 231 252. 

20. (Becent eiplorations of thp eastern part ot thebanin of the Arau- 
aonsia.) Proceedingn of the Boston Hcicielj ot Natural History, vol. xv, 
pp. 15.3-154. 

27. Synopsiaot lectures on ZodUiay, delivered in tbo Cornell Uni- 
veraity durioR the winter trimester, 1872 73. Itbaca, at the University 
Prese. 1873. pp. 10. 

28. OMythodo Curupira. Aurora Brazileira. llhiifii. N, Y., Oct.- 
Nov.; airo separate, pp. 12. 

1874. 

29. Morgan ejcpeditionfl. 1870 71. Contributions to the geology and 
physical geography of the loner Auuizonas. The Erere-Monte-Alegre 
district and the table-topped hills.' Bullt^tin of the Buffalo (N. V.| So- 
ciety of Natural Science, Jan., pii. 0'>1 2.T); 10 cuta, including sketch 

m. Preliminary report of the Mi.r^-n e:;,n3t]ition9, 1870 71. Recon- 
naissance of the L-ower Tapajos. Bulletin of the Cornell University, 
Sdence, vol. i, no. 1. pp. I :{9: with map. 
1875. 

31. Evolution in ornament. Popular Science Monthly, vol. vi fJanj, 
pp. 206-275; many illustrations. Reprinted in Portuguese as "A Origem 
tla .^rte on a Evolugoa ila Ornanienta^ao," Arch, do Mus, Nac. do Rio 
de Janeiro, vol. I'l, 1S85, pp. 95-108; see also Proceedings ot the 10th 
Anniversary of the University Convocation of the State ot New York, 
Albany. 1N74. 

Hi. Relatorio preliminar de trabalhoK da Commissao Geologies na 
Provincia de Pernambuco. Kio de Janeiro, 8vo, pp. 11. 

33. Indian cemetery of the Gruta das Mumias, southern Minus Ger- 
aes. Brazil. American Naturalist. voL. is (April), pp. 205-217; 1 cut. 

31. Morgan exjietlitions, 1870-71. On the Devonian trilobites and 
molluw^a of Ererc, province of Para, Brazil. iWith Richard Rathbun.) 
Annals of Lyceum ot Natural History, New York, vol, xi (Mayj, pp. 110- 
127. 
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35. Amazonian tortoise mytha. Bio de Janeiro: Wm. Scully publish- 
er, pp. 40. 

36. Notes upon the manufacture of pottery among savage racea. Rio 
de Janeiro: Office of the South American Mail, pp. TO, RepriDt«d with 
the pame title, but in a Blightly abbreviated form, in the American Nat- 
uralist, vol. XIII (Feb.). pp. 78-93; also in Portuguese as ".Apontamenta 
sobre o Fabroco da LouQa de Barro entre oa Selvtigens." Arch, do Mvis. 
Nac. do Rio de Janeiro, vol. vi, 1885, pp. 6.3-94. 

1870. 

.77, Ejplora^cea ScieotlticaB. 1. Coramiesao Geologica do Brazil. 
Cataloga da Expoaj^u de ObrtiB PublicaA do Miniaterio da Agricultura. 
Rio de Janeiro, pp. 95-106. 

3S. Nota sobre Alfcumaa I'angas de Barro coaido dos Antigoe Indi- 
genaa da Ilha de Marajo. Archives do Museu Nacional, vol. i, no. 1, 
pp. 32-25; 3 platea. 

39. Deacripqao doa Ohjectos de Pedra de Origem Indigena conserv- 
adoB no Museu NacioQAl. Archivos do Huseu Nacional do Rio de Ja- 
neiro, vol. I, noe. 3-8; pp. 45-63: 2 plates and 2 cuts. 

40. The Geolc^cal Survey of Brawl. First preliminary report made 
to the Counoellor Thomaa Joa4 Coelho do Almeida, Minister and Secre- 
tary ef State for Agriculture, etc Translated from the Portuguese by 
Theo. B. Conietock, assistant professor in charge of the Geological De- 
partment of Ckimell University. American Journal of Science, III, vol. 
XI (June), pp. 466-i73. 

1878. 

41. (Report July 1. 1877-Jan. 1, 1878.) Quoted by Rathbun. Pro- 
ceeilinga of the Boston Society of Natural History, vol. xix, pp. 356-362. 

1885. ^PoaTH « M o ua . 

12. Contribuifces para a Ethnoli^a do Valle do Amazons. Archivoe 
do Museu Nacional, vol. vi, pp. 1-174. 

School of Oeology, University of Texas, Decenibfr, 1896. 
1896. 

43. A Geologia do Pari. Por Ch. P. Hartt. Reprint of a report 
written for the editor of the Diario do Gram ParA in 1870, at ParA, Brazil. 
Published in the Boletim do Museu Paraense, vol. i, no. % June, 1806, 
pp. 257-273, with footnotes by Dr. E. A. Goeldi. 

Note. — This article waa probably publiahed in the Diario do Gram 
ParA in 1870 juat as Hartt wua returning to the U. S., but the note with 
the reprint does not give the e»act date, and it does not even state pos- 
itively that it waa so publiahed. J. C. Branner. 
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THE GALENA AND MAQUOKETA SERIES. 

Br F. n. aAKDISOM, Uinaaapoli*. UinnesaU. 

(PUUw IV aad V.} 

Part III. 

On ORTRIB TESTtlDIH&RIA. 

It has been (ilnimed by Beet^her and Clarke that the very 
emnll young Bhelle of the genus OrtAh are not distinguiahitble 
by auy specifip characters, "that the diagnostic characters of 
species of this genus may not be assiinied until the earlier 
stages of the shell have passed."* It is further remarkable 
that the cited observation was made by these authors more par- 
ticularly concerning the shells of OrIkU eteyaittuta Dalman and 
O. kybrida Sowerby, notwithstanding the fact that the shells 
of those species at 2.6 mm. or even at 0.5 mm, are easily distin- 
guishable by their plication alone, provided one does not mis- 
take the dorsal (brachial) valve of O. hyhridn. for the ventral 
(pedicle) vnlve. Plicated, bilaterally symmetrical shells like 
Ihat of Oi7At> have one plication or interplication falling in 
the median plane in each valve, oftenent the one valve having 
n median plication, the other a median interplictition, and 
small shells of Orthii hybrida Sowerby are distinguished from 
tbo?e of 0. tlegantttla Dalman in that, by the former the dor- 
f>al valve, by the latter the ventral vnlve only has a median 
plication. No one aeems to have noticed that ditference until 
now. 

The distinction Just mentioned came incidentally to my no- 
tice while engaged in tracing some of the progressive series of 
variations in some Galena (Trenton) and Maquoketa (Hud- 
son) fossil species. It has been observed, too, that the de- 
scribed difference between the two Silurian species Orthh 
(^Rhipidomella) kybrida Sow. and 0. (Dalmanella) etegantuta 
Dal. can be traced from an origin, apparently in the O. (Onl- 
mantUa) teatttdinaria Huct, of the upper Ordoviciiui system. 
The varieties of O. iestudinnria bear a very instructive relation 
to each other and t<) the two named Silurion species, and that 
relation described in connection with the geologic occurrence 
of each will, I think, be worth presenting in the following dis- 
cussion. 
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The writer's intention is tf> present heri; an HnalysJB of Oi- 
tliis text iidiniir ill, describing the dilFerent forms and noting 
their geologic reliitions, in order to establish the Sitiiie as par- 
tial evidence to lit used in a Inter disi^iissioo on the question 
of relative interval during and between eetlimentary divisions 
of the Galena and Maqiioketa series, Orlhix ie*tii dinar in aucl. 
in America is no species at all, bnt this or that or several 
mixed together. It is 0. emnrerrifa Hall, or O. miiUinerAu 
Meek, or O. ineehi S. A. Miller, or other similar speeiee, which 
are till separated by observable dilFereni-es without known in- 
termediate conniwtion, I shall for convenience first describe 
them collectively as 

Orthix tetfudinnriii auct • 

All have a convex ventral (pedicle) valve with a low nie- 
dinii fold and an acute curved beak. They have a more oi- 
less convex dorsal (brachial ) valve with a shallow median 
sinus and a beak that scarcely projects. The shell of each 
valve consists of several attached parts (fig. 17, pi. IV), form- 
ing a remarkably adaptive nie<-hanical stnietTire. The partw 
are: 

1. An outer thin layer (epidermis) that grows at the niiir- 
gin of the shell only. It grows at an equal rate along the 
whole hitfge and hence the flat areas, but from the extremity 
of the hinge to the central anterior margin of the shell the 
rate of growth was increasingly greater. The growth of this 
layer determined the general outline and convexity of both 
valves, the folds and sinuses and the plications. 

2. A layer within the first is composed of prisms or "fibres" 
of calcite, that are directed obliquely forward and inward 
with respect to the whole fossil, Jhey are Itased against the 
epide'rmis and end upon the inner surface of the layer. The 
growth was not at the edge of the shell, but upon all the in- 
ner surface outside the area of the muscle scars, (viscernl 
area). Its tendency is to completely even up the inequtilitiet* 
or plications, so that these in mature shells nearly all disap- 
pear from the inner surface, being, however, apparently repro- 
duced partly anew in senile, very thick shells, in the same, sel- 
dom in a new direction. This layer is punctate, threads of the 

•For ecneral citations see Daiidson'e MonoRraph of Hrltiah Silurian 
BrachiupxJa, p. 22fi: Winehell and Schuchert, (loological and Natural 
History Survey of Minnesota, final rep., vol. iii, p. 441, 445. 
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maBtle having penetrated it as in recent Brachiopoda, be- 
caitse, as I ebould guess, points of the inaTitle adhered to layer 
number one. number two growing iiroiind them. 3. On the 
Tentr»l valve are the dental lamellie. Tliey are inipunctate. 
and are built from the beak forwards and upwards, the base 
only being imbedded in the punctate layer. Their apices are 
the teeth or articulating projections. 4. On the ventral valve 
between the "(ientnl lamellfv" is also a pedicle callist to the pos- 
terior surface of which was attached the pedicle, as the mus- 
cles were att-ached to the posterior surface of the other layer 
upon which the pedicle callist mainly rests. This part, too. 
grows at the anterior slope of its inner surface. It is situated 
really in the beak of tiie valve. On the dorsal valve are eiiu- 
ilar parts, viz. ; 5. The septum, which is not always distin- 
guishable from the main punctate layer upon which it rests, 
tills the dorsal beak and extends forward between the adduc- 
tor muscle scars. 6. Upon the posterior end of the septum, 
like a bent over part of the same, sits the impunctute cardinal 
process, which, aa well known, formed on its posterior surface 
the attachment for four divaricator muecles, and which cor- 
respondingly is theoretically divisible into four coalesced 
parts. The median two parts extend beyond the other two, 
giving an outwardly tripartate division of the end of the 
process (flg. 8, pi. IV). The length of it varies directly with 
the convexity of the two valves, in individuals as well as be- 
tween varieties. 7. The crurie upon either side of the cardinal 
process vary likewise in length, arc impunctate and coalesce 
with the cardinal process at their bases, 8. Small deltidial 
plates are rarely preserved. 

The place of attachment of muscles to the shell is marked 
by corresponding depressions, since under the attached ends 
of muscles no shell seems to have been deposited, and perhaps 
even reabsorption took place. As the animal grew the muscle 
attachments moved forward, leaving tracks that in part trailed 
over each other and that in turn became covered by processes 
of the shell advancing over them. There are always the four 
deep adductor muscle scars on the dorsal valve, of which the 
anterior pair are the larger. Of the eight muscle scars on the 
ventral valve the posterior or accessory divaricators are sel- 
dom to be seen, and the two adductors form one central scar. 
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untcrinr to which are divaricatore, and to either side the ped- 
icle adjustorB (see fig. 18, pi. IV). 

The muscle scars vary in size and position in individual 
specimens, and the trailing of one over the other at an une- 
qual or changing rate and in slightly different directions pro- 
duce individual difFerenoes that are often far more conspicu- 
ous than the real varietal or specific ones. The depth of the 
fctars iR greater in periods of retarded growth of the animal 
and is variable. Vascular sinuses are rarely seen and ovarian 
spaces are rare on the ventral valve. The foramen is a trian- 
gular delthyrium. The irorresponding notch in the dorsal 
valve is nearly blocked by the cardinal process. 

The exterior surface of the valves bears plications and they 
are characters, as said, of the epidermal shell layer. They re- 
main nearly uniformly coarse after having attained a certain 
size, and increase in numbers, their growth being thus the re- 
verse in manner from those of OWAiV, in which the number of 
plications remains constant while the size increases. The few 
primary simple plications of small valves increase, by branch- 
ing, i. e. along the side of a large plication begins a mere 
raised line, which enlarges gradually to full size. The one 
valve is the reverse of the other, inasmuch as the plications 
(if the one correspond to interplications on the other. 

As to the distinction of varieties and species the internal 
characters of this group of shells are not more constant than 
their mere outward form and plication, and there is no reason 
why the latter conveniently accessible characters could not be 
used alone fur identification, and especially so since the exter- 
nal and internal markings will be found to vary dependently. 

The external characters are even the more reliable, because 
more often accessible for study than are the interiors, and be- 
cause the latter are confused from the crossing and trailing 
of one scar over the other and by differences due to age of the 
individual and to interrupted growth periods, while the exter- 
nal characters suffer only from injury to cardinal angles and 
from absorption of the outer shell layer from the older sur- 
face of the shell, and in such manners as are easily accounted 
lor. The muscle scars, too, on separated valves are not rare- 
ly changed to an unnatural outline by maceration and again 
by weathering, and such changes are not so easily detected as 
obliteration of the plicated ciuter surface. 
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It requires a large coileetion to aid in distlnguiehing specif- 
ic or varietal chnrHcters from the individual peculiarities, al- 
though there i» an additional aRBit-tance in certain abnormal 
or occaeional specimens which present instead i>f the two nor- 
mally symmetrical parts on the right and left of the median 
plane, two extremes of development nearly eqiial to the differ- 
ences in any two separate individuals of the variety orspecies. 
And that is true of both the internal and the external features 
of the shells. 

Orthis tesCuilinnria auct. includes the following species: — 
ORTHIS R06ATA Sardegon, 
PI. IV, flg. 1 lo 10, 

Orthis rognta SardeBon, (Apr. 9, 1892). Extr. Bull. Minnesota Acade- 
my Natural Sciences, vol. ill, p. 331, pi. 5, Hg. 1 to *. 

OrthUtei-twtinarifi Hall, (1892). Pal. N. York, vol, viii, pt. 1, pi. 5 B, 
fig. 27 to 31. 

Orthi* (Dalniamlla) hambiirgemin W. and S. (1893). Final Rep. Ge- 
ol. Nat. Hist- Sur, Minnesota, vol. m, p. 440, pi. .33, ««. 14 to 10. 

Orthia (Val.) textudinaria W. and S. Loc. cit. p. 441, pi. 33, fig. 17 
to 88. I 

This shell is found in the Upper MiBsisBippi valley in the Ordovlclan 
strata, ranging from the top of the Stictopora bed (4) to thn Lingulelss- 
ma bed (8). snd is very abundant in the Pucoid (5) and Ortbislna (6) beds. 

It ia small and has a subcircular outline, the hinge line two-thirds to 
three-fourths the greatest width of the shell, and thd cardinal angles 
broadly rounded. The ventral (pedicle) valve iu convex and the dorsal 
(brachial) valve nearly plane, but the convexity ot Ix>th is often much 
beyond the normal condition. Aged specimens generally arc very strong- 
ly and irregularly convex near the margin of the valves and dorso vent- 
ral growth at the shell margins may mark the final stage of shell-huitd- 
ing. In such cases, concentric tines, which seem to be only from inter- 
rupted growth of tliH animal, are numerous. Concentric lines occur at 
any stage of growth of the shells however. Dwarfed speciroeos show 
great convexity, as a rule. Spiniform cardinal angles are an accidental 
character. Oo young specimens the ventral vahe has a median ridge 
or fold and the dorsal a curreHpoDding deprossiun or sinus, but bothand 
particularly the latter vanish toward the margin in the mature grown 
shells. Botl) the acutely curved beak of the ventral valve and the ob- 
tuse and nearly straight one of the dorsal have been shortened by etch- 
ing or erosion oo the senile shells. The cnrdiasl area of the ventral valve 
is about three times as high as that of the dorsal. The cardinal process 
ia small, but variable in length. A strong rounded septum extends Vie- 
tween the dorsal adductor scars to a little forward o( the same. The 
scars are strongly marked, the anterior pair being the larger. Some 
greatly thickened shells have ridges extending obliquely forward from 
the crura, and thickening along the vascular spaces, both ot which tend 
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to obscure the outline of niuacle scare. The ventral muscle scar arpa is 
surrounded by stronfj ridges thiit joiD the b«ae8 of tbe dental lamella;. 
Very often there is a thickening in the cardinal angles aod on it are fur- 
rows that coincide oftenest but not always with the direction of the 
external plication. 

The outer surface has angular plications transverse to which the shell 
is finely marked like 0. e.mnceriita Meek.* The plications on the vent- 
ral valve on the Bmalleet BpeciQieoa found have ali-eady iocreased to 
eleven, of which nine seem to rise from the benk and two from the car- 
dinal margin near the beak. These branch three or four times more in 
mature ahclla makinir about 80 or 120 in all. The median plication is on 
the ventral valve. On each valve the plications may be classed into 
eleven fascicles, corresponding to the eleven plieationH of the ventral 
valve. The otTset plications in general appear ulternately on the ante- 
rior and posterior sidoB of the older plications, but in the median and 
next two pairs of fascicles those branching toward the median line or 
forward are reduced in number by omiBsioa. 

In the median fascicle the offsets from the median plication are paired, 
but under the conditions of dwarfish growth they appear alternatingly, 
or at least the number of plications is reduced in small sized mature 
H pec I mens. 

The dwarfish smaller mature individuals have proportionately larger 
visceral areas, or rather the circumference of their valveB is proportion- 
ately shortened. The same are more convex than larger specimens and 
in connection with the greater convexity there are variations in the 
crura and in the plication. The whole number of variations in this B\iV- 
cies can therefore be approximately referred to one, viz., the variation 
in proportionate length of mesial circumference, and of this variation 
the described variation in plication of the valves is the clearest, most 
trustivorfby index. In discussing the branching of the plications we 
have all the essential variations of this species indirectly taken into 
account. 

The extent of the variation of this one feature Is as follows. The pri- 
mary pllcationsand their branches give off branches alternatingly. ex- 
cept the median one which sends off two or three pairs, and except that 
secondary branches rarely give paired branches a Is. j. This stage iaaeen 
in large, symmetrical, flat specimens, while variation from it obtains to 
the extent that in small, convex, senile shells alternating branches only 
ar<> given off by the median plication also, and farther that no branch 
may appear between the median and its first offset so that they are prac- 
tically paired for the part of their length. The relative time at which 
drawtish growth was induced is inconstant, but in cases where it was 
very early, the pairing of the first offset with the median plication is all 
but complete. Of course all olTset plications are retarded by the relative 
nhortening of the shell's circumference, but one sees it best in the med- 
ian fascicle where paired, nearly paired, nearly alternating, to alternat- 
ing offsets, to nearly paired offset and median plication obtains. The 
bilateral symmetry of the shells may be cited as the probable reason why 
~ *"See Pal. Ohio vol. i, pi. 8, fig ig. and ■^. 
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the nietlinn pliciition normally has paired offapto inBteml if alteraatiufi: 
ones like the other primary plioatious, a.aA again Httc.r thn exB<.-t 
bilateral Bymmetry has been disturbed to aa alteraatinit srvan^ement 
by divarting; the subsequent paiiiQ^ nt the median with its firat branch 
may be explained us restoration of bilateral pymmetry merely. Not al- 
wiiye hae dwarfing of the shells disturbed bilateral symmetry of the pli- 
iwtion, but as arule it has, and the retardation of the braoijfaing is 
manifeet now upon the right or again upon the left Bide nf the median 
plication. 

Ab will he Been later the variation in O. roijahi Sardeson Is in the di- 
rection from the characters (iceti in O. emaeeriiUi Hall towards those 
seen in O. multi>iectn Meek of the Hudson epoch. 
QRTHIS MULTISECTA Meek. 
PI. IV, fig. 20 to 23. 

Ortliia eniacenita var. mtiHisectii (Jaraee) Meek (187;i). Palieontology 
ot Ohio. vol. 1, p. 112, pi. S. fig. 3ft, b, e, (1. 

This Bpeciea should not be called a variety of O. einacerata Hall. It 
is the type of a very diffej'ent variety rtf 'O. texliirlinaria' from thatone. 
It is found associated in Cincinnati, Ohio, with both O. fiiiaeertita Tlall 
and O. meehi S. A. Miller, to the latter of which it is the more nearly 

O. iiiultiiieKla is a little larger than O. ni^jaUi, ia often hs finely 
striated, but has a piiirof primary median plications instead of one on 
the ventral (pedicle) valve; and the median fascicle of plications is there- 
fore divided into two. The plications branch about throe times be- 
tween the beak and the margins, but in the median a pair of fasciclCB 
Siimetimes only twice, while again one or b^ith median pliciitiona may 
branch into the median furrow and there may thus be from 1 to 9 plica- 
tions in one or both of the median fascicles, the number and fineness of 
them varying in that manner. 

The shell is rouod anteriorly and Literally, but the position of the 
hinge is such that the shell's length Ib less than its breadth. The car- 
dinal length varies from oae-half to two-tbirJa the width of the shell. 
The ventral valve is deep and has the convexity greatest near thu med- 
ian line, while the dorsal valve is nearly flat with a deep, broad median 
depression expanding and deepening from the beak to the margin. The 
shell is thin unless thickened with a<;a. The shell BtruL'ture and the 
internal characters are nearly like those of OrtltiN rogaUi. 

The relationship between O. rogata and O. multiaecta is expressed no 
dr»ubt in the very great similarity between them. The former is the 
predecessor and could p^-rhapB be the parent species, since it is found 
in beds 1 to 7, while O. yiiuftifier/d is found rarely in bed 12 In Iowa, 
and very abundantly at an ei^ulvalent horizon and higher in the Cin- 
cinnati group of Ohio. But it is the dwartlsh, convex, small individuals 
of O. roguta that verge toward O. miittisfcta, notwithstamiing that 
the latter species is the larger, and we find that it is the relative pi'o- 
portion between the mesial periphery and the convexity of the shell, or 
the same oxpreassd in the manner of plication, in which the agreement 
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consists. In these respects the O. multinecta Meek appears like a re- 
sultant from the variatioo noted Id O. rogata. 

A theory to explain the origin of the double median plicatioo nf thp' 
ventral valve and of the single doreal median plication, can !:« construc- 
ted as follows: that the varialinn of the median plication with paired 
offsets to the same with alternating offsets, and to one with the first 
one of the hitter paired with the median itselF, aa seen in O. i-ogata, lias 
gone still farther owing to early dwarfing; of all individuals, and the 
completely paired median plications of the ventral valve of O. •muttisfcla 
roBulted, (S^^e figs. 29 a-d pi. V.) 

This character having been transmitted by inheritance is retained in 
even these larger shells which returning favorable conditions hai-e pro- 
duced. Corresponding to the change in the ventral valve an inverse 
change in the dorsal obtained. Tile dtx^al valve is less coQveif, the 
ventral more con\-ex than the same in the average of O. rngala. 

VariatioD in O. ntultheclti is noticdable, in particular that one of the 
paired median plications is EumstintHH the smaller, or, on the ctrntrary, 
one or i>oth at a late stage of the shell's growth give off a small branch 
into the furrow l>etween the two. Really dwarfish specimens of thirr 
species ai'e probably not found. 

0RTHI8 MEEKI S. A. Miller. 
PI. IV, fig. 21 to 29. 

Orlliia eniictratii Meak, (1873), Palieontology of Ohio, \'ol. j, plate 8, 
Hg. Sa-g, (nun Hall). 

Orthig ntecfc/ 8. A. Miller, (1875), Cincinnati Quarterly Jour, of Sci.. 
Tol. II, p. 20. 

Orthin {thtlmnmVaj teftiidinaria ftall. [ISO^u Palseontology of New 
York, vol. viu, pt. 1, pi. 5 B, fig. 32 ST. 

Specimens of O. tneefri of small size, but apparently immature ones. 
have been collected at Cincinnati, Ohio, ataboul200feet elevation above 
the Ohio river. Larger ones have been received from Oxford and Le- 
banon, Ohio, and Madison, Indiana. The vertical range may therefore 
be anid to include the whole upper half of the Cincinnati series, at 
least. It is not yet known in the area of the Maquoketa series. It is 
associated with O. mtUthecta Meek. 

Ortkis meeki is larger, hence more loosely plicated than O. mwUUevttt 
Meek, but the plication is. in general, alike. Orthis meeki is less con- 
vex, and has a stronger median Told and sinus than the other, and is 
easily mistaken for O. eiiiawrtita Hall, from which, however, it has a 
quit« different plicatioD and surface ormmentation. The interior of the 
valves, BO far as seen, are very much lilte O. mitltitecta, but the thick- 
ening of the shell makes deeper muscle scare on the dorsal valve, and a 
narrower muscular area of the ventral valve. I have found no transi- 
tional connectiuD between Orthis muttinecta Meek and (>. meeki S. .A. 
Miller, and although such have been believed, by authors, to exist, 
still the same informants confuse also O. meeki with O. emececuta and 
O. corjndenta- 
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Our theory regardioR th« oriK'Q o' the doubJe inedinD plii^ation in O. 
multiaeeta appears to fall unsupported id O. meeki, unl^ea it be as- 
sumed that this one was earlier derived trom an O. ninlfiWcfa-likp 
r<irm, havJDg become larger and more eit^Dded in the nifBotiaie than 
that one. Of the two, O. me«ki is the leas convex, and has correspond- 
ingly additional plications, eapecially those between the paired median 
rpntral plications being earlier and oftener developed. 
ORTHIS IGNOTA n. sp. 
PI. r, fig. 1 to 7. 

Id the Wylioff formation, in bed irt, are found in southeastern Minne- 
sota, many shells of a superflcial resemblance toothers {Orthis earpulen- 
la Sardeson), with which they arc associated, but which arc still so dis- 
tinct that no confusion of the two species is found even in a sinRlo spec- 
imen among several thousands examined. It is similar to O. mtilliiieelu 
or O. meeki. 

This species is quadrangular rathor than circular in outline and is 
broader than long. The cardinal line is always shorter than the width 
of the shell. The ventral valve is convex while the dorsal valve is 
nearly flat. On the ventral valve a longitudinal depression on either 
side of the median line bounds the median convexity, but the same may 
he entirely reduced at the anterior margin. On the dorsal valve a cor- 
responding median deprepsion which gradually ex))andB from near the 
beaii does not disappear with advanced growth nor does the raised por- 
tion od either side of it. .\ccompaQying this manner of development 
the anterior margin is necessarily straightened or indented. As in most 
"O. texUtdinarin" seen, a division into five radial surfaces on each valve 
is found, and of these three on the dorsal valve are concave or flat- 
tened and two intermediate ones are convex. The unequal develop- 
ment of these divisions produces the suggestion of quadrangular out- 
line in O. igniita. 

The benk of the ventral valve is curved in towards that of the dorsal 
valve. The latter is straight. The ari'a on the ventral valve is scarcely 
twice as lurge as on the dorsal and the triangular foramen is nearly 
closed by the cardinal proeesa from the dorsal valve. This cardinal pro- 
cess when well preserved is posteriorly strongly tripartate. and has the 
central part much the most developed. The crural plates reach down- 
ward nearly to the ventral valve. 

The rounded septum between the muscle scare on the dorsal valve is 
smaller than in O. rorjiukntu and the adductor muscle scars are not 
surrounded by elevated ealliata but are simply depressed surfaces deep- 
est posteriorly. There is a ridge, however, between the anterior and 
pocterior pairs. The anterior pair of adductor scars are much the 
larger. The muscle scars of the ventral valve are conspicuously large, 
and extend far forward. The oblong divaricator scars are close to- 
gether and between and behind them is an elliptical adductor scar, on 
either aide of which is a laqje oval adjustor acar. Close to the pedicle 
attachment scar are two small accessory adductors faintly marked. 
The pedicle attachment is large and distinct. 



dbyGoo'^le _ 



100 Tke American OeologUt. Febniarr. lUiT 

The veotrul I'alve has a double instead of siogle median plicatioD, 
and an aDalyeis into six pairs offaecicleB of plications as in O. luii/d'm^fit 
IB found to be constant. Ttie number of pltL'ations in the median pair 
is varial)!^. and ottoD one of thesi is the extreme of its iaat« in this 
character, as Vn thp specimen Bgured [fig. 3, pi. V). A slight converg- 
ence of the plications Dear the anterior margin \a common. 

From O. corpulenUi with which this form has been contused, the 
double instead of eingle median plication on the ventrnl valve, the finer 
plicaUon, the more quadrangular outline, and the largo-sized muscle 
ecara, make a goi)d distinction. The last character separates this from 
O. muUisei'ta and O. nieeki but in other respects it general)]' resembles 
either the one or the other of them. It is the successor to O. multinecta 
in the Maquoketa series, but it is conteraporaneouB in part with that 
one because the samedid not become extinct elsewhere. With O. meeki 
S. A. Miller it certainly lived contemporaneously, as far as known. Its 
origin might be from earlier representatives of O. nueki, slight dwarf- 
ing having produced finer plication and convergence of the same, with 
shortening of the mesiai periphery, esp.'cially at the anterior of the 

ORTHIS TERSA Sardeson. 
PI. V. flg. S to 13. 

Ortltis tema Sardeson (1892) Bull. Minnesota Academy Nat. Sci. vol. 
III. p. 331, pi. 5, Hg. 11. 12, 13. 

This species is found at Wilmington, Illinois, and at Nye ^Iron 
Ridge) Wii>coDsin. in the horiiwm of the top of the Maquoketa series, 
and is therefore either contemporaneous ora close successor to O. merin, 
0. titullisevta and O. iguota. 

Orlhii ter»n has thickened valves as compared Ui other species, and 
the hinge is short, being only one-half the shell width. The ventral is 
strongly convex in front of the beak with an increased median convex- 
ity which soon flattens and is replaced by a broad median sinus. The 
dorsal valve is convex and has a narrow median depression that disap- 
peivrs at the margin of some mature shells. The anterior, margin is 
therefore straightened or inflected, and this same with the gratiual 
sloping of the margin from the cardinal angles gives a triangular ten- 
dency to the trnnaversely oval outline. The beak on the ventral valve 
is strongly curved, that on the dorsal is also curved although it is short, 
and hence the beaks are directly opposed and nut far apart. The car- 
dinal areas are small since the hinge is short. The foramen, too, is 
small, but the teeth and sockets, the cardinal process and the crura are 
large, while the septum tapers forward. The muscle scars are nearty 
intermediate to those of O. iyn(i(a and O. muitinecUi, but the ventral 
scars diverge more than in either of them. 

The outer surfaces at the beaks have been eroded before foesilization 
and probably during lite so that even the initial points of the cardinal 
process and the crura are bared. Partial reiuoval of the outer shell is 
not peculiar, but the excessive wear in this case led to inquiry whether 
the characters of O. lerm were not due to erosion of the cardinal angles 
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and beaks of the shfll under advert* surround inga, durioK growth. 
But other shells ia the aumv strata are not perceptibly injured, and tbf 
chamctera in O, tfr»a are ho imifiirm that the heavy nrticulatini; pru- 
ueasea nnd the tbii^keued shell Heeui U> be more like inheriteil adaptit- 
tione than acquired ones, whatever their origin. 

Thi^ and the ttiree prec^'ding spscies may have been derived from a 
coitiinun parent species. They have in comuitin the Binf;le dorsal and 
paired ventral roediau plicationn, and the surface oriiamentntion so well 
known in Ort/iin miiltiKfcta Meek- The last named character they have 
in common with O. rugnta Surdeson, and O. cvrpulenta Sardeeon. 
From O. rogata they may h^ive inherited the same and thence nlso de- 
rived their plication. 

ORTHIS CORPULENTA Sardeson. 
PI. IV. fig. U to 19. 

Orthiii eorpnienta Sardeeon (1892) Bull. Minnesota Academy Nat. 
Sci. vol. III. p. -330, pi. 5, Rg. 8, !», 10. 

Ovlhix IDtilmanrllaj tentuilimiria var meeki Winchcll and Schuchert 
(IB03), FinnI Rep. Gi'ol. Nat. Hist. Sur. Minnesota, vol. iii, p. 115, pi. 23. 
fig, 25-29. (non 8. A. Miller). 

0>-lkh ([>almnnell<il nu^eki Hull (1893). Palseontology N. Vork. vol. 8. 
pt. 1. pi. B. C. Sg. 3. 

The types of the species are from the Lepta^na bed (13) but it is 
equally abundant in the Triplecia bed (10). The shells are nearly cir- 
cular in outline, their width eiceedinjf their length always in young 
specimens but rarely In old ones. The ventral valve Is strongly convex, 
tb? dorsil mid>rately so, but their conve.tity is often irregularly in- 
crens"!) in later gniwth. and the strongly marked median ridge of the 
ventral and the currexpiindiag ilepression of the dorsal valvns of early 
growth broiulen nnd flatten. The ventral valve has the beak sharp 
aud curved well down to the mesial plane, over the equilaterally trian- 
gular foramen, which same ia nearly blocked by the protruding cardinal 
process. The septum of the dorsal valve is like tbnt of U. roi/rifri ex- 
cept that it has an elevation hetween the anterior adductor scars. The 
anterior pair of adductor scars are much larger than the piwterior ones, 
and all are often surrounded by thickened lines and vascular furrows 
on the shell which much modifies their appearance. 

The plication is essentially like that of Ortliiii i-ognta Sar,, with the 
difference, however, that more plications end on the cardinal margins. 
and that hence the two posterior faacicles are quite reduced to sin- 
gle primary plicotiona, n<it noticeable longer on mature ahelis. The sur- 
face ornamentation is like on O. multinecta Meek. The earliest apeci- 
mens of O. corpulenlu are from the base of the Triplecia bed (10), and 
the manner of plication, increased convexity, heavy concentric growth 
interruption tines, and small size, prove tbem to-be dwarfed, like the 
dwarfed ones of Ortliin rognia Sardeson, which they in nil respects par- 
allel. Alternating median otTset plications, and nearly paired median 
plication are not rare. Nearly all shells have been crushed, apparently 
by the trllobites, which accounts for the email size of some of them. 
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hlirge aod normal lookiag apocimens are rarest the base, but common 
at the top of the Triptecia bed. Dwarfed ones are not known among 
those from the Leptiana bed (13). 

Compared to 0. rogata, even the dwarfed ones of O. eoi-pulenla are 
larger, the cardinal process is more peri>entlicular and longer; the mus- 
cle scare on the dorsal valve are more elongated, and the plication is 
coarser, i, e., a specimen of O. carpiitenia has 60 plications at least 
while an O. rogata nt the same siae would have 100 developed. 

The geologic relation of O. rogata and O. /■orpulenta would permit 
them to be considered as phylogetietically one species, but such a con - 
aectioa has not been traced. The change in the O, rogata from-tbe 
Stictopora bed (no. J) to the Lingiilelasma bed (8), and that in O. corpu- 
lenta from the Triplecia bed (10) to the Leptrana bed (13), is in each case 
less than the supposed change from the one to the other, the greatest 
change being necessarily, therefore, referred to the Bhortest interval. 
Among a few specimenas&enof Orthis tefiudinaria aucti, from Trenton 
Falls, New York, one kind is, especially in coarseness of plication, more 
like Orthin corpulenta than like O. rogata, and the same is probably 
contemporaneous with the latter, and is the predecessor of the former. 
The two species vary in nearly like directions, but Whether the greater 
tendency to develop dwarfish characters in the plication, as observed in 
the larger acd later of the two, is inherited from dwarfed specimens of 
the earlier one, or are independently developed is not known. In the 
former case it could be that Ortkin corptilenta Sardeaon, had had the 
seme ancestral origin as O. nultineela Meek, that In this the acquired 
dwarfish characters had developed farther, in the other less, and are 
seen to revert. Under the other theory, the two species are considered 
as contemporaneous, though cloaely related, as their surface ornamen- 
tation indicates. 

ORTHIS EMACERATA Hall. 
PI. V, fig. li to 18, 28. 
Orthi» fjiwcei-oto Hall, (1860). Thirteenth Rep. N. York State Cabi- 
net Nat. Hist, p. 121; Fifteenth Rep., ibid, pi. 2, Hg. X, 2, 3. 

OrthU emacerata Meek, (1874). Palteontology of Ohio, vol. i, p. 109, 
pi. B, fig. Id (not a, h, c, and 2). 

Orf/iis mrtci'tor Sardeson, (1893). Bull. Minnesota Acad. Nat. Sci. 
vol. m, p. 330. pi. 5, fig. 5,6, 7. 

Orlkig {Dalnmneltui emaeerala (1892). Paleontology of N. York, vol. 
viii, pt.'l,pl.5, C, fig, 1, 2. 

Ortkin {Dalmanella) trnttcdinariii var. enaceriitfi Wlnchelt and Schu- 
chert, (1803). Final Rep. Geol. Nat. Hist. 8ur. Minnesota, vol. iii, p. 145. 
pl.33. fig. 33,24. 

The types of the species are from near the middle of the C'incinnati 
shales (Hudson), at Cincinnati, Ohio, and specimens, t^qiiether with 
O. miiUiseela Meek, and O. meeki S. A. Miller, were collected there. 
Others, not different so far as seen, were found nt the horiaon of 'jTWitit- 
i-leitH coitcentricus Eaton, in strata outcropping below high water mark 
of the Ohio river at Covington, Kentucky. In Minnesota the species is 
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found in beds No. 12 and 13 of the Maquoketa Beries. Those referred to 
in the UTigioal descriptton of O. emacerata Hall, as found in Illinoie and 
Iowa, are of a different apedes that is found with Tellitioniya fecnnda. 
Hall, ID bed No. 11. 

OrthU emacerata Hall* (O. vincriur Sardew)B) are semicircular sheila, 
broadest near the \i\age line, and with the margin rounded off narrowly 
at the ends of the hinge. Their breadth Ja one-fourth or leas greater 
than their tengtb. The ventral valve is convex, the doraal one nearly 
plane, butthecoDvexity is often irregularly increased in Ijoth valves of 
senile individuals, and those marked by many concentric lines. Near 
the l)eak of the ventral valve the single median pi ieat ion is prominent 
and thence the median fold that expands towards the anterior margin. 
coincides with the median fascicle of plications. On the, dorsal valve a 
corresponding depression obtains, which is, however, in some, relatively 
deeper than the opposite fold, so that the anterior margin is straight- 
ened. The ventral valve has the benk short, acute and slightly curved, 
the area alxiut twice aa high as that of the dorsal valve, and divided by 
equilaterally triangular foramen. The cardinal process was a little small 
and was tripartate, but in poor preservation it is cleft, the middle por- 
tion being wanting- The doraal median septum and the crura are both 
light in accord with the thinness of the valves, but the dorsal muscle 
scars are deeply marked. The anterior pair of them are the larger. On 
the ventral valve the muscle scar area is well defined,- -narrowest on 
thickened shells, when also the vascular sinuses and ovarian spaces are 
unusually well outlined. 

The plication of Oj7Ai« emnrer«(« Hall, reaemblee that of large, and 
hence, flat specimens of O. i-OQata Sardeeon. The plications are often 
graded' in size, the first formed then being largest. The surface is with- 
out the minute transverse marking that is seen on O. ntiiltUecta Meek, 
etal., in all my specimens, but tew specimens of O. Tvgala Sardeeon, 
and O. corpuleula Sardemm, have it well preserved, thesame being eas- 
ily defaced. 

The Cincinnati specimens average larger than those from Minnesota 
(beds 12, 1.1), but at Nye, Wiaconsin (bed 11), are yet smaller and nar- 
rower ones that roay be a distinct variety. 

Certainly the similarity between O, emacerata Hall, and large, and 
hence flat specimens of O. royitta Sardeson, is very great, and one can 
not doubt that the same ia indicative of a close relationship between 
them. The geologic data would permit of the theory that the latter 
is the immediate parent species, O. emacerata having descended from 
well favored, like O. mult i»evta trom dwarfed indiv id uala of O.rogala. 
The theory might be given consideration were we able to explain the 
want of minuter surface ornamentation on O. emacerata, and were it 
not that the Trenton of Trenton Palls, New York, yields this type of 0. 
teitudinariti. The relationship may be concluded to have been geolog- 

*Specimens from the original lot have been obtained for examination 
through kindness of Prof. R. P. Whitfield, curator of the Geological De- 
partment of the American Museum of Natural History, New York city. 
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kiilly more remote, and poSBibly O. eiiuiceraUt is more nearly the parent 

type. 

ORTHIS PORRECTA n. sp. 

PI. V, fig. 19 to 21. 

This Orthix is found in the Tripleeia beil (10) near Granger, Hnd near 
Wykoff, Minnesota, uaeociated with O. corjmlenia Sardeeon. SpeeJuiens 
are not numerous, and perfei:t ones are few. When eruehed flat they 
might be mistaken for 0. cwputenta in the aanie condition, or more eas- 
ily for 0. evuxcerata Hall. The last named has not been found in the 
Tripleeia bed, although it must have existed at that period. The ••Orthia 
testudiiwriit," aflflociated with Tellinomya feeunila Httll, at Scales 
Hound, Illinois, and Dubuque, Iowa, are casta, Bometinies with shells, 
which seem to hare been fossils transported and deposited as such in 
the lowor strata of the Haquoketa formatioD. And although moet uf 
these Orthix belong to the speciea here described, their occurrence and 
nSBoeiation with other species in that tied uiay not indicate that thia 
species lived at that time. 

Shells of OiiliiK pontcta n. sp. are about one-fourth, or leas, broader 
than long, the lateral and anterior margins are neatly rounded, and the 
greatest breadth is about midway forward, or posterior to that. Young 
sped me ne are more nearly semicircular, and old onea circular. The 
ventral valve ix moderately convex and haa the bcalc short, and but lit- 
tle curvetl, although high so that the greatest convexity of the shell is 
near it. The dorsal valve, which ie equally convex, is deepest centrally. 
A narrow, shallow median depression on the doraal valve extends to 
the anterior margin, and the ventral valve has a corresponding, low 
median ridge. The area of the ventral valve is about twice as high as 
that of the dorsal and is divide<1 by the foramen, which la a little nar- 
rower than high. The cardinal process, crura and muscle scars on the 
dorsal valve are all small, and the muscular area of the ventral valve ia 
also not large. The outer surface of the shells has angular, smooth 
plications that branch much the same as in O. emucerata Hall. Con- 
centric lines are few. 

From O. ei/iueernta Hall, this species can be distinguished by the 

greater convexity of the dorsal valve, by the circular outline and ahorler 

hinge, by the smoother, but more angular plications, higher canlinal 

area, and narrower foramen, and by smaller muscle scars. 

ORTHIS FUTILIS n. sp. 

Pi. V, fig. 25, 26, 27. 

In the Tripleeia bed (10) at Granger and also near WykolTand Spring 
Valley. Minnesota, occurr rarely specimens of an Orthis that might, 
from general characters, be taken for iiinall O. einaceratii Hall. Simi- 
lar ones occur in the Wykoff bed (13 and U) near Spring Valley, and 
are there associated with O, emacfriifa Halt, some of which they closely 
resemble. Neither are there very abundant, so that the general rela- 
tion of the shells is drawn from the characters of a tew individuals. 

O. fiitilin a. ep., Skte small, thin shells, finely plicated, so that while 
they are much smaller than ('. emaceratii H., they atill show an ad- 
vanced plication and general outline such as seen only In the moat ma- 
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turespecinienaot that species. The breadth of the abelle is iibiiut one- 
fourth ^r«at«i' than the length. The hin^t^ is a little shorter than the 
u'holc width of the shell, and the cardinal aoKles are rouoded. The 
ventral valve has the beak but little curved, and projecting over the car- 
dinal area bnt little. Ita convexity is vmall, and the median clefatitin. 
which is Bometiraes Btrong, produces a depression on either side of it. 
The dorBal valve has a median depression, with convex areas oneithcr 

In these characters great similarity to O. fiitiwrraia is shown. The 

internal characters, seen only in two immature apecimenn. show also 

floBo relation to O. aituirprata, to which this one might be referred as a 

variety, if their relation ax such could be traced. 

GENERAL DlBCVSCIOS. 

Of the above described Oi-tlun, one only is from the Gnlenii 
peiies; the otherp are found in the Maqiioketa reries or itf 
cf[uivalent, the Cincinnati series of Indiana and Ohio. The 
Trenton Bpeeiee, 0. rogain Sardeaon, ip the geologic predect'e- 
eor of them all in the area wherein they are found, and may 
be the' one from whit-h gome of them were derived. Morpho- 
logically the large individuals of O. mi/atti Sar. are the ones 
that most resemble O. emacerata Hull, by which O. porrenUi 
n. Kp. and O.futilin n. sp. are approached in nearly direct 
lines. 0. rogntii Sardeson approaches O. corpulenta Sar. in 
many characters and particularly in the extent and direction 
of variations, but the latter is very much the larger, while re- 
sembling most the dwarfish specimens of the former. Dwarfed 
specimens of 0. royita Sar. ahmv characters not seen in large 
ones, but which are normal in it^; successor O. inulthecta Meek 
iitid this species has the same characters advanced as com- 
pared to the dwarfed specimens of O. niii'itii, but leas ad- 
. v&nced than the same in O. temo Sor. O. meeki S. A. Miller 
and 0, iijniiUt n. sp. are in other directi(ms advanced from the 
development as seen in O. midtinecta Meek. A few specimens 
from the typieal Trenton of New York, which have been ex- 
amined, are of two kinds, and are easily referable to Orthh 
emacerata Hall and 0. corpulenta Sardeson, respectively, as 
their Trenton representatives. The two Trenton species are 
practically, if not exactly, contemporaneous with the one 
Galena species. The three of the Trenton period represent 
those of the Hudson period, so far as I now know, as follows : 
<>. emaceriifa var., in the Trenton is followed by the typieal 
zrata Hall, (>. porrevla n. ep., and 0. fiitili* n. sp., in 
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the Maqunketa (Hudson) and Cincinnati (Hudson) series. 
Likewise 0. corpulentn Sardeson is found in both the Trenton 
iind the Maquoketa. Oi-thh ruynta Sardeaon. is the probable 
representative of O. MfilHsecta Meek, and allied forms. The 
triinsitions have not been traced from one species to another, 
however, in any case, although one Hnds O. rognta, 0. mirlti- 
gecta and 0. corputenta very similar to each other. 

I do not tind the anticipated evidence of evolutionary devel- 
opment from one species to another, except in the way of 
morphologic likeness. The geologic evidence serves more to 
prevent than to aid in forming a phylogenetic connection be- 
tween the specicP, since, when we have arranged the supposed 
phylogenetic lines, the geologic evidence proves, nevertheless, 
that our B]>ecimen8 represent contemporaneous species, not 
successive ones. Either each species has migrated to the re- 
gion where the (^helle are found, having been evolved in some 
other place or places in the Ordovician or in the Cambrian sea ; 
or, the change in form between one species and another has 
taken place in a few individuals, under special conditions, and 
is therefore obscure. Again, when we try to call them local 
varieties, of one species, we are compelled, by the evidence, to 
acknowledge that the "mere varieties" are distributed very 
widely, and are not local; that, too, they existed apart and 
together under very like, ue well as quite unlike condi- 
tions. In short, it is not proved by specimens in my collec- 
tion that the above described Orf./iis, whether called species or 
varieties, are not distinct. I have, therefore, made a more 
minute morphological analysis and comparison than brachio- 
podists usually do. If theevolutionary developmentin Brach- 
iopoda ia to be traced, it will be necessary to make clearly 
distinctions in form as minute, and even much minuter, than 

None of the above described species are like, or similar to, 
Ualman's* figures, and to the best of my knowledge, there is 
ample room for preference of Meek's view| that our forms 
may none of them be identical with those described as Orlliix 
testiidiniirin by Dalman, or those identiRed with that species 
in England. The necessary material for a comparison of 
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ibeui is ni)t at hnnd. There are certainly other "O.tes/udina- 
n'li" than the above described, even in America, 

Owing to the clo?e morphological likeness between the spe- 
cie** which have been above described, it seemed necessary to 
assume that they nitiet be phyhilogically neiir one another. 
and I have tried to explain how, among otlier uharactere, the 
differences in plication of the valves evolved. Some of the 
specieB have a single median plicati<m on the ventral valve, 
like nearly all Ocfft/*, others, on the contrary, have the single 
median plication on the dorsal, and a double median plication 
of the ventral valve. Probably the latter has been derived 
from the former, but the ditferenee, however derived, is seen 
not only in themature shells, but likewise in the smallest oF 
plicated ones. The primary cause of the plication of Oilhiit 
I Qo not know, unless it is in the modilication of the mesial 
cireumfprence relative to the convexity of the valves. 

Beecher and Clarke have studied, with special attention, the 
development and characters of Oilkis elei/aiilnl'i Dal., and O. 
hybridu Sow., in their well known work on the Brachiopoda 
of llie Waldrnn shale.-,— Niagara, Silurian. These two species 
are so near " O. te»liidiiiiiri'i" that with the usual latitude, 
they might even be included it it. The results of their work 
must, therefore, not be passed without special comment. They 
give us the result of their study of an abuudant collection 
of Or(hi» from Waldron, that the tests of O. hybridn and 0. 
elegit II tula are not distinguishable in extremely early stages of 
growth, — 2 or 2.5"'™ length — and "that the diagnostic 
characters of species of this genus may not be assumed until 
the earlier stages of the shell have passed."* From a few 
specimens at hand, it appears to me that the plicationf at least 
should serve as a distinctive mark on shells of 0.5""° if it is 
possible to distinguish in them the ventral valveof 0. hyltriiJa 
Sow., from the dorsal of (>. ele;/aiititln Dal. The small — 2™" 
— shells of the latter are like those of O. roijnln and 0. eorpu- 
leiitn of the same size, in having a single median plication on 
the ventral valve. Those of O. hyhrida Sow,, as appears on little 
larger shells, have, from the first, a double median plication, i. 
e., a median furrow on the ventral and the single median pli- 

•See Memoirs of the Now York State Museum, vol. i, do. 1, p. 13, 11 
and n. 
■fTboso from Waldron and some from Englaad are just alike. 
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eiition is on the dorsal valve like O. multinecta Meek. Orthis 
Itgbri'lti S<iw.. belongs, one might say, to the O. multisect't 
type, even though its dorsal valve ie more convex, und its hinge 
shorter even than 0. tersn Sar, Regarding O. e/eyatituln Dal., 
its internal characters are very like those of 0. corituleiita, etc., 
from which it differn in relative convexity of (he valves, and 
in length, hreadth, et«. O. eleyitntuhi Dal., if derived from any 
Ordovician "O. testudfnariii," has newly acquired a greater 
proportionate length of test, and the plication shows a corres- 
ponding modiHcatton. Small ventral valves have a single me- 
dian plication which does not remain, however, in the median 
plane, but lino of the fir^t olfset plications becomes median; 
this, in turn, branches, and so on, in such a manner as to form 
a conspicuous branching right and left from the median line 
or plane. Several plications on this one are added to the sin- 
gle median plication of O. corpiiUiiUi. Branching on the rest 
of the valve is, as a rule, from the Pide of the older plication 
in direction away from the median line, or posteriorly. The 
external and internal characters in this speoies are such as 
might 1k! considered to he those of O. corpitlenUi Sar., modified, 
by extension of the anterior shell marj^n. Orthis hybrida 
Sow., beingof the O. tiiulthcvta type, and O, ele;iaiilula Dal., 
of nearly the O, corpiilenfa type, it would further seem in- 
consistant t6 adopt James Hall's view* and place O. hfffirida 
in a separate genus or suh-genus from -'0. tnatudinaria" and 
0. elei/anlnla, and particularly so if one is to consider O. meeki 
at the same time, simply as a "'coarse- ribbed variety" of (>. 
testiiiliiiiiriti. O. vaniuenti Hal), represented by a few speci- 
mens at hand, agrees with O, hytiridH in having a single medi- 
an plication on the dorsal instead of ventral valve, and the 
other speeies of that type, bear to O. canuxemi a very close 
resemblance. 

The relation between Orthis multineeta Meek, Orthia emac- 
erata Hall and the other above described 0. te»tudinuria auct., 
may be made somewhat clearer by comparison to one or two 
other groups of that genus, Firstly, Orthia (Platy atrophia) 
hiforata SchI, appears in the Fucoid bed (5), and persists 
in succeeding beds 6, 7, 8, 9, 10, and again in 12, 13, and 14 
in the Galena and Maquoketa series. This is the same species 

*Pal. N. York, toI. vni, pt. 1, p. 



dbyGoot^Ie 



The Galena and Maquoketa Series. — Saideson. 109 

that is fouDd in the Trenton of New York. In the Galena 
and Maquoketa sericB it is the only Platystrophia wherever 
yet found. But in New York and Ohio it belongs to the 
Trenton group. Other species or varieties, O. lynx Eichw. 
O. aciitilirala Conrad, O. laCicostata Meek, et al. take its 
place in tile Hudson shales. All the Platyatropkia are con- 
temporaneous species, or practically so in the Hudson epoch, 
and are distinct. The Trenton representative is the prede- 
cessor, too, of all the Hudson species, and may be the parent 
species of all. It is a aynthetic type as compared to them. 
Again, in O. bellaragosa Conrad of the Galena series, and O. 
imcu/pta Hall of the Maquoketii, we have two unique nearly 
like forms with mere varietal ditTerences perhaps. In them as 
in those of Platystrupkin and 'Orthis tettuditiaria' a close 
phylogenetic relationship is apparent, while bo far as repre- 
sented by epeeiraens of fossils in collection the species all, or 
varieties, whichever they be called, are distinct. 
DESCRIPTION OF PLATES. 
Plate IV. 

Orthiit rogaln Sardeson flg. 1 to 10. 

Fig. 1. Ventral view of an nveraKe sized shell, from tbe Fucoid bed. 

Fig. 2. Ventral view of Hmall aheil, base of Orthisina bed, (X 10). 

Fig. 3. Analyais of ventral plicHtion of Bpecimen from the Fucuid 
bed. 

Fio. 4. Exact median, longitudinal section. Fucoid bed. 

Fici. 5. Same as fig. 1 with tbe parts of the sbell analyzed. 

Fio. 6. Interior outline ofa dorsal valve, to show tbe muscle scars, 
septum and urura. Orthisina bed. 

Fig. 7. Interior of dorsal valve. Fucoid bed. 

Fio. 9. Cardinal area, crura and cardinal process, same as fig. 6. 
(X2.1 

Fig. 9. Caet taken from interior of a ventral valve. Fucoid bed. 

Fig. 10. Natural east of another specimen. Fucoid bed. 

Numbers 1, 2, 3, 1, 5. 7, are from Ellsworth, WisconsiD; 2, 9, 10, are 
from Saint Paul: and G, 8, are from Berne P. C, Minnesota. 

OrthU rorpulenta Sardeson, fig. II to 19. 
Fio. 11. Dorsal view of a largo specimen. Lepttena bed. 
Fio. 12. lateral profile. Leptsna bed. 
FiQ. 13. Ventral view small, young specimen. Leptiena bed. 
Fig. 14. -Analysis of ventral plication of an average specimen, from 
the Leptsun bed. 
Fig. 15. Interior of dorsal valve, in outline. Triplecia bed. 
Fig. It!. Same as last, shaded. 
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Fro. 18. Natural cast, from the Orthoc«traH bed. Ventral valve with 
the exterior profile restored in broken Hoe. 

Fio. 28. Cast taken from a natural cast of a dorsal valve, Orthoceras 
bed. 

Numbers 14 to 17 are from near Spring Valley, Dumbers 18 and 28 
torn near Granger, Minnesota. 

Orthit porrecta n. ep., figs. 19 to 24. 

FiQ. 19. Ventral vien of epecimen with ahell, Triplecia bed. 

Fig. 20. Ventral plication of last analyzed. 

Fjo. 21. Lateral profile. 

Fio. 22. LonKitudinal median section. 

FiQ. 23. Interior of dorsal valve. 

Fro. 24. Cast taken from interior of a ventral valve, 

All are from near WykuS. Minnesota. 

OrlkUfatilii n. sp., fig 25 to 27. 

Fia. 25. Ventral view of full sized epecimen. Triplecia bed. 

Pio. 26, Profile of the same, partly reconstructed. 

Fio. 27. Ventral plication of the same x 2. 

From near Granger, Minnesota. 

Fio. 29. Diagram showing the gradual change in the median fasci- 
cle of plications, from single ventral median plication with paired off- 
sets |a), to alternating offsets (b), to nearly paired {e), and paired (d) me- 
dian and first offset plications. 
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important faiinaain the Ch^zj and Trenton formations. Those 
sporadic foBsila recall the "colonies" of Rarrande, and by their 
rarity and stratigtaphic positions among an enormous mass of 
slates, do not allow to call the very limited beds of limestone 
in which they are found true Chazy, or true Black River and 
Trenton formations. 

A memoir entitled: ''The value of the term 'Hudson Given 
in geologic nomenclature," { Bntl. Geol. Soc. America, vol. i, pp. 
835-356), aims at classifying those five thousand feetof strata 
as belonging to the Lorraine shales; that is to say, to place 
them at the top of the second fauna, or Champlain system. 

The author, Mr. C. D. Walcott, after saying that "the strata 
of the Hudson group cannot be delimited clearly, as the base 
and summit of the series are not shown," does not hesitate to 
refer the Swanton and Quebec-City group to the formation of 
Lorraine of Sandy creek, Jefferson county, although he admits 
that no true Lorraine fossils have ever been found there; the 
nearest place containing Ixirraine fossils being close by Albany, 
west of the Hudson river. As to the complete absence of the 
great graptolitic fauna in the interior of the state of New 
York, Mr. Walcott says "it was prevented by some barrier." 
What barrier he does not explain; making use of it, not 
only for the unlucky graptolites, but also to explain 
the absence of the true Lorraine fauna from the valley of 
the Hudson, using imaginary barriers to prevent extension 
of faunas, without regard to stratigraphy and simply because 
barriers of some sort are wanted to give an explanation of a 
classification made absolutely against ail rules; just as at some 
other places invisible faults are called to aid for the same pur- 
pose. Certainly such principles of classification were never 
thought of by Alexander Brongniart,nor William Smith, even 
less by Ebenezer Emmons and Barrande. Lately, the geolog- 
ical survey of Canada has given a table of formations for the 
border country of the United States, comprising Fhillipsburgh 
— the typical locality — and being a continuation of the strata 
igraphy of the vicinity of Swanlon, which disagrees almost 
III toto with the classification previously given of the Hudson 
Kiver group by the late palaeontologist, now director of the U, 
S. Geological Survey. In it the Quebec-City formation, or 
Swanton slates, is placed below the great Trenton formation. 
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inRtend nf being above. And another great difference also ex- 
ists ns regards the Calciferoiis, which is not considered us 
the eiiuivalent of the Phillipsbiirgti series. Here is the claesi- 
Hcation given by Mr. Henry M. Ami, the palaeontologist of 
the Canadian Survey (Annuid Report, Geo!. Surv. of Caiioihi. 
\i'\. VII, new series, p. 113, April, 1896. Ottawa). 

UticR. 

Treaton. including Black River. 

Quebec-City formation. 

Pbilliptiburgh fcirmation. 

ChaKy furmatioD. 

Cali^ifRnjuH turoiHtiun. 

Potsdain sandHtone. 
Hew the Geological Survey of Oanadit contrives to place 
between the Trenton, including the Black River, and the Chn- 
r.y formation — at only a few miles diptanee from Chazy vil- 
lage — the five thousand feet of the Qiiebee-City and Kwanton 
formation, and the eighteen hundred feet nf the Phillipsburgh 
series, is not explained and so far is a complete mvBtery, against 
all rules of claeeiHcation. However, we must he thankful to 
Mr. Ami that he did not correhite the Quebec-City formation 
as the equivalent of the Trenton, or as belonging to the Utica 
or L()rraine. as it has been placed for so manj- years in the 
previous publications of the Canadian Survey. It is a pro- 
gress due to the exertion of Mr. Ami, however faulty his clas- 
sificntion is even now, which shows how ditticult it is to come 
to H rational and exact classitieation, when misled by errone- 
ous interpretation of palaeontology and stratigraphy. 
The Stockbridiie Limestone at Rutland. 
Now we come to another irregular and errone<)US classifica- 
tjon made against all rules; it is the Stoekbridge limestone 
described in a paper entitled, "On the Lower Cambrian age of 
the Stoekbridge Limestone" (litill. tieol.Soc. America, vol.ii, 
pp. 331-338, Rochester, March, 1891). 

The age of the strata at Rutland (Vermont) is made out by 
a wrong interpretation and use of palieontology, without the 
support of any description and figures of species and with 
the smalleet amount of fossil remains imaginable. First, with 
only a few specimens — all in fragments — belonging to the 
genera Kutonjiva, Salterella and Lingiila, the author, Mr. J. 
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E. Wolff, refers the Rutland marble quarry, on which the vil- 
lage J9 built, to the "EIliptocephaluB (Olenellua) zone," which 
he calls Lower Cambrian (Lower Taconic), instead of the 
upper part of the Middle 'Taconic (Middle Cambrian). In the 
absence of trilobitee, or any other foeeil charaoteristic and 
common at Georgia, the correlation of the Rutland marble 
with the Georgia formation is an hypothesie without a palse- 
ontological basis. It belongs to the Taconic system, as Dr. 
Emmons says, and very likely to the lower part of the Phil- 
lippbiirgh and Pointe Levis formation, that is to say, to the 
base of the Upper Taconic, just above and in contact with the 
Georgia formation, 

Second, the marble quarries of Centre Rutland and West 
Rutland are referred to the Trenton-ChazyCalciferoiis form- 
ation, a rather curious compound, which it is impoi^sible to 
justify strntigraphically, or lithologioally, or even less pal*- 
ontologically, for Mr. Wolff quotes only as fossil remains 
found there, a few crinoid stem^. 

The author gives a sketch geological diagram of the vicin- 
ity of Rutland, showing plainly the peculiar stratigraphy of 
large lenticular masses of limestone marble, inclosed in slates; 
Juf't as at Shoreham and at Phillipsburgh, a stratigraphic fea- 
ture characteristic of the Taconic system, which has even not 
attracted the attention of Mr. Wolff, who does not notice it. 
The Green Modntains ik Massacrusetts. 

After many years of opposition tfl the Taconic system at its 
typical locality, the vicinity of Williamstown, Massachusetts, 
without a single particle of proof, a very elaborate memoir 
has been published at last, in 1895 ; it is entitled "Geology of 
the Green Mountains in Massachusetts," by Raphael Pum- 
pelly, J. E. Wolff and T. Nelson Dale, in Jtfonographs of the 
C S. Geol. Surv., vol. xxiii, Washington, 1894. In the pre- 
face, at p. xiii, Mr. Pumpelly says : "It has been our intention 
to keep wholly clear of the Taconic controversy and to confine 
our efforts to accurate study and interpretation of structure," 
Unhappily all his efforts break down from the first page, and 
throughout the raeinoir he has spoken constantly of Lower 
Silurian and Lower <'ambrian, referring strata to those two 
systems of rocks without proper proof s of any sort and against 
all rules of stratigraphic classification. If the authors had 
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been cont«iit«d to give the classification of Btrata, aa they 
make it out by etrutigraphy, it would liave given to their work 
a character of impartiality, at the same time a true value, 
which no controversy would have been able to make use of, 
except to quote the facts well observed and clearly described. 
Here is the series and its classification as given on the 
Mnp of Grtyloch and Hoonao Afoiintains, to illuitrale the On- 
ol'/gical structure o/ the Green Mountaim^ 1H91, Plate I : 
( Grey lock Bchiat. 
g J Bellowepipe limeatone. 

1 Berkshire schist. 



U 



1, atoc-kbrid(fe limestone. 
Cambrian Vermont formation. 

The Stockbridge limestone is divided in two, the lower part 
being classified as Lower Cambrian (Lower Taeonic) and the 
upper part as Lower Silurian (Champlain or true Cambrian 
of Sedgwick, or Ordovician), a most extraordinary compound 
of o group of strata, absolutely incorrect and materially im- 
possible. But more, the geological map is obscured by a 
double classification of two formations, one called "Eowe 
schist," referred to the Silurian, and the other called "Uoosac 
schist," referred to the Silur Cambrian. As no explanation 
of that double classification exists on the map, the reader in 
order to understand it must look at p. 13, a figure called 
"Correlated columns of the iloosac and Greylock rockFi." 
Here it is in the form of a table: 

QreyUick Mt. Hoosac Ml. 

Greylock schist Rowe schist. 

Bellowepipe litneetoDe i 

Berkshire schist \ Hooeac schist. 

Stockbridge limestone ^ 
Greylock Mt. and Hoosac Mt. are separated only by a nar- 
row valley. It is to be expected that the authors would see 
such lithologie difference between the strata forming opposite 
mountains that they would have come to the conclusion I 
have constantly advocated since 186'2, that there are at mount 
Greylock lenticular masses or islets of magnesian limestone 
(Stockbridge and Bellowspipe limestones) inclosed in the 
slates {Berkshire and Greylock schists). 

We are constantly confronted in that memoir with the ex- 
pression "Lower Silurian fossils," but not a single one is 
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quoted, even by generic name; and a@ to Cambrian (Taconic) 
foesilEi, there is only the indication that Mr. Walcott has 
found at Clarlcsburg mountain, on the prolongation of Grey- 
lock mount, "numerous oasts of Olenelhta (Elliptocephaliis), 
showing the lower part of the quartzite to be of Lower Cam- 
brian (Lower Taconic) age." No description, no figure of 
that trilobite is given, so we do not know if it is the species 
of Georgia, although it seems to point oiit that it is, with the 
wrong determination of Lower Cambrian — as at Manuel brook 
(Newfoundland) — instead of the upper part of the Middle 
Cambrian (Middle Taconic). To add, if possible, confusion 
to the already sufficient amount of unproved correlation, the 
authors hint at p. 29 that the Rowe schist may represent 
"Hudson Uiver group!" or "perhaps Medina time"! ! 

We read at pp. 127-128 of the report on mount Greyloek, 
by Mr. T. Nelson Dale, the following correlation, which is 
anything but the "int«ntion to keep wholly clear of the Ta- 
conic controversy," expressed in the preface of the memoir. 
Qreyloch achist. Thickness 1,500 to 2,200 feet, Walcott's Hudson 

River (Lower Silurian). 
Belloicxpipe limestone. Thickness 600 to 700 feet. Walcott's Hudson 

River (Lower Silurian). 
Berkshire »fhi*t. Tbicko^as 1,000 to 2,000 feet. Walcott's Hudson 

River (Lower Silurian). 
Sfoekbridge linteilone. Thickness 1,200 to 1,400 feet. Walcott's "Oie 
nellus" (Lower Cambrian). 

The whole ie in concordance of stratificution, a stratigraphic 
anomaly rather difficult to explain; but no attempt is made 
in that direction. 

We have in the whole memoir the most flagrant disregard 
of all the rules in stratigraphic classification and correlation 
as they were established by the founders of strattgraphical 
and historical geology. 

The New Red or Dyas and Trias. 

Dr. Ebenezer Emmons was the first observer who divided 
the great series of the New Red sandstone, in the eastern or 
Atlantic states, into Permian (Dyas) and Trias in his "Geo- 
logical Report of the Midland Counties of North Carolina," 
Raleigh, 1858. Following closely all the rules of stratigraphic 
classification, he referred the Chatham series of North Caro- 
lina to the Permian (Dyas), and the Deep River series with 
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the Coal aeries of CKatfield county in Virginia, as well as the 
Red sandstone of Anson and Orange counties in North Caro- 
lina t^ the Trias, the whole having a thickness of more than 
5,000 feet. It was an exeellent first start, to arrive at a ra- 
tional classillcatioD of the numerous strata of the New Ued 
sandstone which extends from the two Carolinas to the Con- 
necticut valley. Instead of following the researches so well 
begun in North Carolina, the geologists who studied the New 
Red in Virginia, Maryland, Pennsylvania, New Jersey, Con- 
necticut and Massachusetts, seem to have had in view to use 
the fossil remains found there to diminish as much as possi- 
ble the importance of the c I assiti cation of Dr. Emmons, re- 
ducing it to the smallest and youngest part of the New Bed 
classilication of Europe, and seeing in the American stntta 
only the equivalent of the Rhetic formation. Even atfirstan 
attempt was made to refer the whole series of the eastern 
United States to the Lower Oolite of the Jura of Yorkshire 
(England). 

Happily the Geological Survey of Pennsylvania, thanlis to 
the carefully executed researclies of the geologist, Mr, Ben- 
jamin Smith Lyman,* in the two counties of Bucks and Mont- 
gomery, has found out. first, that the series, instead of having 
a thickness of only 1,600 feet, was about 27.000 feet thick, 
and second, that the palwontotogic age of that series has 
never been satisfactorily determined in Pennsylvania, New 
■ Jersey and the ('onnecticut valley. 

Mr. Lyman has divided the whole series in Montgomery 
county in the following manner: 

I PottBtown Bfaalea 10,700 feet. 

Doubttulage ] Perkasie ahalea 2,000 " 

/ Lunadale shalefl 4.700 " 

Trias— Qwynedd shales .3,500 " 

Dyaa— Norristown shales 6, 100 " 

27,000 tet-t. 

The age of the upper part, that is to say, the great divisions 
of Pottstown, Perkasie and Lansdale, is rather doubtful, on 
account of the rarity of fossils. It may be in the greater 

*aee "Some New Kcd Horizims" (/'roc. Anier. Phil. Soe., vol. xxxiii, 
1804|: a most interesting paper, not only on the question regarrtinR the 
New Red. but also as regards "KBulo^ical methixls as (listing uislied [rum 

Eurely paljei>ntoInKicHl ones.'' See alw) "Ri'iMirl ut the New Kwt o( 
lucks and MonttK)merv tountifs'" IPe»ti»!/lvniiia State Oeologkal Sum- 
mary, Final Ufpurl, vol. m, Part II, 180-Jl. 
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part, perhaps even in totality Triasaic, or the upper portion 
niny belong to the Jura. The Gwjnedd shale? represent the 
whole Trias of Europe. To correlate it with only the small 
Bhetic group is an error, due to a too narrow interpretation 
of fossil plants find their true stratigraphical positions in the 
beds of the Gwynedd shales, where they are scattered all over 
the 3,600 feet. As to the 6,J0O feet of Norristown shales, they 
represent the Chatham series of North Carolina, and can be 
safely correlated with the Uyas (Permian) of Europe. 

West of the Mississippi river the New Red sandstone was 
not discovered until 1858, when one of the parties of the Pa- 
ciflc Railroad exploration in following the 36th degree of lat- 
itude brought out the fact of the existence in the Indian ter- 
ritory, Texas, New Mexico and Arizona of a series of 6,000 
feet, divided into 5,000 feet of Trias and 1,000 feet of Dyas 
(Permian). In 18fl3 an exploration of Nebraska proved there 
the existence of the Dyas, south of the Platte river, more spe- 
cially at Nebraska city. Those two discoveries, made by the 
present writ«r, evoked one of those too numerous passion- 
ate critiques from the two recognized leaders of American 
geology, Messrs. James Hall and James 1). Dana, who, with 
the help of Messrs, Newberry, Meek, Blake and others, made 
the most stupendous and unreasonable opposition. As a re- 
sult arrived at by their observations and researches in the iield 
and in the laboratories, they came to the conclusion that the 
series of beds, instead of representing the Dyas and Trias, 
belonged to the Ix>wer Cretaeeous (Dakota formation, the 
American equivalent of the Turonian of France) and to the 
Carboniferous. Such a correlation would have been only 
comical if it had not stopped for a quarter of » century, and 
more, the progress of American geology, and had not. brought 
before the International Congress of Geologists at Berlin, in 
1885, the emphatic and mostpositivedeclaration from Messrs. 
James Hall and Newberry that the Permian (Dyas) did not 
exist anywhere in North America, A single quotation of one 
typical locality will suffice as an example. The section at 
Nebraska city, with descriptions of fossils and plates, was 
published in 1864-'66and '67 at Paris and Dresden (Saxony), 
and all European geologists, more specially the German and 
Russian — where are the typical localities of the Dyas — recog- 
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nized the exactness of the fynchrnnifim. But in Araerk-a spe- 
cinl researches were made under the U. S. Geological Survey 
by order of Dr. F. V. Hayden; and his associate, Mr. Meek, 
made a "Report on the Palffioiitology of Eastern Nebraska," 
published in the Final Report of the United Statei Geoloi/ical 
Siirt-ei/ of yebraakn, Washington, 1872, in which he opposed 
the elassificHtion of the series of strata at ihe Nebraska city 
landing made by the present writer and professor Hans Bruno 
Getnit;;, and after long discussions, filling Rfty pages. Meek 
came to the conclusion that "these rocks belong to the Coal 
Measures." It took twenty-two years to show the error, and 
it is only in 189-1 that at lust Mr, Charles S. Prosser, in his 
paper, "Kansas Kiver section of the Fermo-Carbonifcrous and 
Permian Rocks of Kansas' {Bull. GeoL Soc. Amer, vol. vi, 
pp. 20-54), confirms my determination of the age of the Ne- 
braska series from the mouth of the Platte river to the Ne- 
braska city lauding, saying at p. 50. that professor Tscher- 
iiyshew of St. Petersburg and of the Geological Survey of 
Russia, after a visit to Nebraska asRureUhim that both faunal 
and Hthologic characters can be clupli:;ated in the Permian of 
Russia. It is one of those ton numerous misrules of strati- 
graphic classiHeation and correlation, entirely unjustifiable 
and unnecessary, and made against plain facts well pointed 
out stratigraphicallj, palieontologieally and lilhologically, 
bot disregarded by the leaders of American 'geology, making 
wrong use of rules and principles so firmly established by 
Cuvier, Alex. Brongniart and William Smith. 
Jura. 
During the exploration for a Pacific railroad route by the 
Hath degree of latitude north, in 1853. the present writer, after 
recording the existence of the New Red sandstone, on a vast 
surface between Delaware mount (Indian Territory) and the 
Llano Estacado, met at the Tucumcari area, iu New Mexico, 
a formation of white sandstone strata, in concordance of 
stratification upon the New Red, containing no fossils. But 
ahove the mass of white sandstone — more than one hundred 
feet thick — he met at the base of a formation of blue clay, a 
bed entirely filled up with a tirypkma of the group of OryphiF't 
ililaUUa of the Oxford clay of England and France, which he 
'•ailed Gryphita turntrifiirii. Naturally he correlated the white 
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sandstrmo and the blue clay of the Tupuracari urea with the 
Jiirafisic system or period. Many yeitrs aft«r — 1889 — n thor- 
niigh exploration of the Tueurai*ari region by Mr. A. Hyatt 
distilosed in the timesione Rtrata just above the blue clay con- 
taining the Oryph(fn (ucvmcarii an upper Jurassic fauna, of 
Bt least twenty species, wliieh are referred to in a paper "The 
Jura in Texas" (Fi-oceeil. lioaton Nat. }IUI. Soc. vol. 27, p. 
149-1&8). It is unnecessary to repeat here what was eai<t in 
that paper, which gives all the reasons for correlating the se- 
ries of strata of the Tiicumcari area and those of the Kent 
section {western Texas), as well as those of the Bosque, Glen 
Rose or Trinity of eastern Texas and the Trinity division of 
Pike county, Arkansas, with the Jura of Europe. Only I shall 
say that the extraordinary, erroneous correlations of those 
strata, first with Dakota formation and afterward with the 
Neofomian, have made confusion in the historic geology of 
North America and are still preventing the Texas Survey and 
the U. S. Geological Survey from using a correct classification 
of one of the most important systems of the Meso/oic. 

The Laramee Forhatioh anu thk Puehco Bsds. 

One of the most uncalled for and wrong classifications is 
the age assigned to a great mass of strata of fresh wster, with 
now and then brackish water deposits existing in the plains 
and Rocky mountain region, more specially round fort Lara- 
mee* (wrongly spelled Laramie). Dr. Hayden first discovered 
that formation in 1859 and properly referred it to the Ter- 
tiary. Thickness about 4,000 feet. It is composed mainly 
of molfis.iei or sandstones, not unlike the Molasses of Switzer- 
land, with shales, pure sands, and sometimes coa) strata, with 
a few and rare calcareous beds. It rests in retrogressive 
stratification on the marine strata of the Upper Cretaceous, 
called Fox Hills group and Fort Pierre group or Montana for- 
mation, containing a fauna the exact equivalent of the Upper 
White Chalk of England and France. 

The geographical distribution of the Laramee isvery differ- 
ent from the distribution of the Montana formation, and shows 
a great change in the distribution of the land and water, Just 
like the one so well known in the clasBic basin of Paris and 

•Lftram^e is the name o( the first French voyageur who explored and 
trapped on Lia Platte river, at tbe beRiDoinff of this century. Laramee, 
Laflamme, Lafontaine are comman names among Freiieb Canadians. 
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Lnndnn, where the Tertiary strata lie in retrogreesive strati- 
fipatioD on the White Chalk. 

The palffiontolngic characteristic uf the Laramee formation 
id an absence of marine animals, unfossilifernus strata in 
eom para lively large districts, and the appearance, now and 
then, of fossil remains of brackish water niollusca forms, ter- 
restrial vertebrates and leaves of plants, us well as fossil 
woods. -The invertebrat* fauna is similar and correlated to a 
fauna found in the Lower Eocene of the Adriatic province of 
Austria. The verl«brat« fauna is identical, for the mamma- 
lia, with the Cernaysian fauna of the Lower Eoceneof Ay and 
Cernay, near Reims, in the celebrated Champagne district of 
the Tertiary Paris basin. Finally, the flora contains so many 
new types entirely Tertiary that to call it a Cretaceous flora 
would be an entirely unnecessary confusion, created against 
all sound principles of palieontology. 

The correlation of the faunas of the Laramee formation 
with the faunas of the Lower Eocene of Europe is most per- 
fect, and requires no more discussion after the excellent and 
most important memoirs of M. Lemoine {Bull. Soc. g/ol. 
/•'ranee, 3d series, vol. xx and xxi, Paris). Professors Zittel 
of Munich and Gaudry of Paris, after a study and compari- 
son, are convinced and do not place any longer the Laramee 
formation in the Cretaceous, but in the Tertiary. As to the 
Puercos formation, considered by professor Edw. D. Cope as 
older than the Laramee formation, It is only a subdivision of 
the Laramee just below the group of strata in which was found 
the celebrated mammalian fauna wrongly called by Messrs. 
Marsh and Cope "a mammalian Cretaceous fauna." 

So now there is not a single doubt left about the age of the 
Laramee formation, and it is to be hoped that the United 
States Geological Survey and the U. S. National Museum will 
conform their classification to the rules used everywhere in 
stratigraphical geology on that simple question of correlation 
and classification of a mass of strata of fresh and brackish 
water origin placed between the Chalk and the Oligocene in 
America, Just as it is placed in Europe. 

The Chico-Tbjon Fobhatiom. 
The last great confusion, created in stratigraphic classifi- 
cation in North America by an erroneous use of pal le ontology, 
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is the reference nt the Chico-Tejon formation of Oaiifornia to 
the Cretaeeoup aystem, instead of putting it at ite right place, 
the Tertiary Eocene. 

Dr. A. Randall first discovered at Chico creek, Hutte coun- 
ty, California, in 1856, a series of strata containing a rather 
rich fauna, composed mainly of gasteropoda and acephales, 
essentially characteristic of the Tertiary Eocene. Dr. Trask, 
the lirst geologist appointed by the Stat« of California, on the 
recommendation of Dr. Randall, made a careful study of the 
locality, in following the clitfs of the Chico creek, which are 
rather ditScult to explore on account of a flow of lava vol- 
canic rocks, which covers the Tertiary strata. Among the 
numerous Tertiary fossils two cephalopodi? were found, the 
Baculitet chicoentit and Ammonites chicoen»i», two degenerate 
forms, according to the best authority on cephalopoda, pro- 
fessor A. Hyatt. Both Drs. Randall and Trask had no hesi- 
tation in referring the strata of Chico creek, according to the 
principles for correlation established by Alexandre Brong- 
niart, to the Tertiary; and Dr. Trask published those two 
(lephalopode in "Description of a new species of Amtnoniles 
and of Boculites from the Tertiary rocks of Chico creek"(i*ro- 
ceerf. California Acad. Nat. Soc, vol. i, p. 85, San Francisco). 
In classifying the Chico series as Eocene Tertiary the authors 
followed the rules for establishing synchronism and equiva- 
lency at great distance from the typical region of the recog- 
nized great systems or geological epochs. M. A. R6mond de 
Corbineau, an excellent expert for Cretaceous and Tertiary 
rocks, after an exploration of Monte Diablo referred also, in 
a Report of Monte Dictblo district, the same series of rocks to 
the Eocene Tertiary or Chico creek group of Drs, Randall and 
Trask. 

But the correlation was not accepted by the group of the 
leaders of American geology, who declared that it was impos- 
t^iljle that Amvionitee and Baculitea e-xiawA in California dur- 
ing the Eocene time, when such invertebrate marine animals 
did not exist in Europe, or even on the Atlantic borders of 
North America. Against allknowledge of geographic distri- 
bution of marine animals of the present time some palteon- 
tologiets have established the mathematical rule, thatforme of 
animals have disappeared all over the surface of the terres- 
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trial globe, at the same moment; a moat erroneouB principle, 
contrary to the teaching of Brnngniart: and with no other 
base than a suppogition and a hypothesis, contrary to well au- 
thenticated facts of the present fauna — simply a "speculative 
pal fB on to logy" according to R. Owen's right expression. 

The opposition to the observations and Tertiary references 
of Drs. Randall, Trask and Mr. Renjond de Corbineau took 
the form of an opposition absolute and uncompromising. The 
only reason given by the opponents being that it is impossible 
that Btic.tiUte* and Avimonitef could exist in the California 
region of the earth when such cephalopods did not exist any 
longer in Europe; they have no right to be there, and conse- 
quently when you find them you t^an say, with an absolute 
confidence, that the strata in which they lie belong to the 
Cretaceous syst«m and are not Tertiary. With such misrules 
the publications of Messrs. Newberry, Gabb, and afterward of 
Dr. C. A. White, have created confusion, which has prevented 
the progress of geology on the whole Facifle coast, and not- 
withstanding the opposition made by Mr. T. A. Conrad and 
myself, we are still confronted by an erroneous classification. 
However, the mathematical rulers have abated some of their 
opposition, accepting at last that the Tejon group is not Cre- 
taceous, but Tertiary, and even admitting that the Martinez 
group also is not Cretaceous, retaining only the Chico group 
in the Cretaceous system. 

Lately Mr. J. S. Diller in a paper, "Cretaceous and early 
Tertiary of Northern California and Oregon" (Bull. Oeol.Soc. 
^weWca, vol. 4, pp. 205-224, Rochester, 1893), has not only 
detached the Chieo from the Tejon and accepted the Tejon as 
Tertiary, but he tries to create a "Shasta-Chico series," the 
Shasta being formed of two great divisions of true Cretaceous 
strata called "Horsetown and Knoxville beds." He insists on 
the passage and connection between the upper part of the 
Shasta and the lower part of the Chico. First, Mr. Diller 
does not prove that the series called by him Chico beds is 
really the original group of Chico creek of Butte county. And 
neeond, he calls Chico a series called by others "Wallala beds," 
from a series of strata exposed at Wallala, Mendocino county, 
California, and which are not proved to be truly identical 
with the Chico group as originally created by Randall and 
Trask. The California Geological Survey, directed from 1860 



dbyGoot^Ie 



124 The American GeologUl. PobcmiT. i8«7 

to 1874 by J. D. Whitney, extended greatly the Chico group 
Ht the eaiEe time that it created the Tejon group and the 
Martinez group, and referred the whole three groups to the 
Cretaceous system, with the forced result of the anppreBsion 
of the Tertiary Eocene in California {Geo}. Surv. California, 
vol, II, preface by J. D. Whitney, 1869). The present writer, 
in a second visit to California, during 1876, more than twenty 
years after a first exploration in connection with the Pacific 
railroad exploration by the 35th degree of latitude, took spe- 
cial care to investigate the typical localities of Fort TeJon 
and Monte Diablo and was enabled to give, for the first time, 
the geological section in the vicinity of Fort Tejon {Report 
on the Geology of a portion of Southern California in Annual 
Report Chief of Engineers to the Secretary of War, pp. 158- 
172, Washington, 1876). showing beyond any possible doubt 
that the Tejon group was Tertiary; that the Martinez group 
was an artificial division without any value, and that the 
fauna collected by Drs. Randall and Trask was truly Eocene 
Tertiary, while the fauna of the Tejon indicated an upper 
Eocene or Oligocene age. 

The Wallala beds seem Cretaceous, and it is possible that 
some confusion has been created by referring them to strata 
regarded as Chico beds by some errors of correlation. An ex- 
Hct equivalency must be established by rigorous comparison 
of the fauna of the Wallala beds and the fauna of the Ciiico 
creek before drawing the conclusions arrived at by Mr. Diller. 

But whatever may be the result of detailed observations in 
northern California, we possess now enough facte from the re- 
i^carches made at Chico creek, Monte Diablo, the Coast ranges, 
south of San Francisco as far as Fort Tejon, to allow us to 
say that great confusion in claesiflcation and correlation, in an 
important part of the stratigraphy of California, is due to a 
wrong use of paleontology, united with a total disregard of 
stratigraphical principles, and lithology. It is no wonder that 
the geologists who started from California, with the erroneous 
classification adopted by the survey of that state, wanted to 
place the Laramee formation in the Cretaceous, as an exten- 
sion and as an ofF-shoot of the Chico-Tejon formation. The 
one was a corollary of the other. 
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From Chico creek, Monte Diablo, to Fort Tejon, the Chico- 
Tejon formatioti is never seen lying on the Cretaceous eyRtem 
of i^hasta ; at Eome places, aa at Chico creek and Fort TeJon,the 
two great groups do not exist together, siiowing that a break 
o(;curred at the end of the Chico creek formation, while at 
other placef, like Monte Diablo and the Coeet range south of 
San Francisco, the two great groups appear to lie in ooneord- 
anee of stratification. Following the rules of classification 
and correlation, we have in California a great system of strata, 
belonging to the Tertiary; a break divides it from the true 
Cretaceous of Horsetown and Knoxville: and another break of 
smaller value makes two subdivisions of the formation. The 
lower one, or Chico creek group, is the equivalent of the I^ow- 
er Eocene of Europe, and the upper one, or Tejon group, ia 
the equivalent of the Upper Eocene, called Oligocene. Over 
it we have, in southern California, at San Fernando, Los An- 
geles, etc., the Miocene, or Molasses of Switzerland, and the 
Pliocene: so we have in California a complete, and must im- 
portant and well developed series of the Tertiary epoch, just 

QUATERNARY OR PLEISTOCENE. 

It is hardly necessary to refer to what has been called "Ter- 
tiary auriferous gravels," by the director of the Geological 
Survey of California, Mr. J. D. Whitney, who went so far as 
to classify all the Qiiaternarv and the glacial deposits of the 
Sierra Nevada in the Miocene nnd Pliocene. Never before 
nor since, in any part of the world, have the Poat-Pliocene or 
Pleistocene strata given rise to such an erroneous classifica- 
tion, based on a wrong interpretation and use of paleontology. 
It is absolutely incomprehensible and inexcusable. 

Each time that the rules and true principles of the strati- 
graphic classifications are put aside, progress is rendered ex- 
tremely difficult, and even entirely stopped for a long period 
of years. Generally the observations carefully made by rec- 
ognized practical geologists are accepted; but when passed 
over, as if they did not exist, confusion reigns supreme, and 
lasts BS long as the accepted leaders are there to impose their 
wrong views and their glaring errors. ' It would appear easy 
for leaders to change their opinion, when shown their falla- 
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ciee; but then they would not be leaders any longer, and it is 
what they will never submit to, 

Alexandre Brongniart and William Smith had no idea that 
the great principles of strata identified by organic remains, 
would be ueed in such a way as to pave the road 1o the suc- 
cess of error and mistake, instead of showing how to work in 
order to get at truth. 

Post Scriptum. New okolooical map or New York:. — The 
geological map of the Bt«te of New York, so longexpeetedand 
referred to in Tue Auericak Geologist, vol. xiv, p. 259, hafl 
been at last presented to the public, the 24th of August, 1896, 
at the meeting of the American Aseociation for the Advance- 
mentof Science, at Buffalo. The title is: "Preliminary Geol- 
ogic Map of New York, exhibiting the structure of the state, 
so far as known. Prepared under the direction of James Hall, 
state geologist, by W J McGee. Published by authority of 
the Legislature of the state of New York, Printed by the 
United States Geological Survey, J. W, Powell, director. 
Scale 1 : 316,800, 1894." It is in six large sheets, of which 
two are simply map oiitlinep, without any color or any 
geological indications. On the four other sheets, one only is 
complete, it is the one representing the western part of the 
state, called generally and known as the "Fourth Geological 
District." The other three sheets, comprising the southern, 
eastern and northern parts of the state, are incomplete; large 
areas in several counties, like, Dutchess, Columbia, Washing- 
ton, Warren, Esses, Clifton, Franklin, Lawrence, Jefferson, 
and JjBvis, as well as the whole of Long Island, are left blank. 

No explanation has been published yet, or even given orally 
when the map was presented to the American Association for 
the Advancement of Science, and we are obliged to read it 
without any help as regards classification and nomenclature; 
that is to say, without the chronological dates on which it 
has been constructed, except the rather obscure "legend," 
printed on the sheet containing New York city and its envi- 
rons. The constructor of the map, Mr, McGee, has only let 
us know, without explanation, that "unexpected difflcul ties 
have been encountered." 

In order to compare the three geological maps of New York, 
issued in 1842, 1844 (although dated 1844, that agricultural 
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and geological niRp was kept away from the public until 1877, 
and even until 1885) , and 1894 (practically issued in 1896). I 
give below the "legends:" 





1842. 


18U. 


1891. 




AHuvial {no eoJor, but »iffn»| 


.S I 


Seiiimeittarg roekn. 




S. 


T„.,„,j8jJ^aP,.,™. 


it 


Kr. Cretaceous. 
Ju. Jura-Trias. 




R. 


Trap rock. 


B ; 






Q- 


New red aandstone. 


< i 


Del. Catakill. 




p. 


OatakillMt.rock. 


ll 


Dch. Chemung. 




o. 


Portage and ObemiiDK. 


Do. Oneonta. 


i 


N. 


Hamilton. 




Dpt. Portage. 


'a 


M 






1 


L. 


Ononilaga Salt tr°up. 


! e 


Don. Onondaga. 


K. 


Niagara. 


ll 

1 i 


Dor. Oriakanj. 




I. 
H 


Clinton. 


Sh. Helderberg. 
Ssl. Salina. 




G. 


Gray sandstone and 


. i. 


Sng. Niagara. 
Scl. Clinton. 






Shawangunk grit. 


e 1 




P. 


Hudson Ri»er group or 


•s « 


Sm. Medina and 






Lorraine shales. 


s- ^ 


Oneida. 




E. 


Utica elate. 


1 ° 


8hr. Hudson and 


B 


D. 


Black River and 




Utica. 
Shrm.MeUmorphic 




C. 


Birdseye limestone. 
Calciferous sand rock. 


ll 


M 


B. 


Fatsdam sandstone. 


J 1 


8tr. Trenton. 




A. 


Primarj' eystem. 


Strm. Metamorphic 








ii i 

s ' 1 


Trenton and 
















i g '- 


Set. Calciferous. 








2 .2 « 


Cp. Potsdam, j 








III 


Cg. Georgia, f C«mbr 


lan 






Younger igneous rocks. 








Ancient crystalline roc 


ks. 






divided in tax groups. 






rhe western, or fourth 


district, 


xe well as the central p 


or- 



tion, or third district, are the easy part of the work; the for- 
mations and bedii following one another with the regularity of 
tiles upon a roof, or steps on a staircase, without any difficul- 
ty of succession, of disturbance or faulting. For that part 
of the map, all that was required, to make it more exact, was 
to mark the limits of each group or formation with more ac- 
curacy, and to add some details in the classification of some 
of the great and important groups like the Chemung and 
Portage, where a new division has been introduced between 
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them, undtr the name of "Ouenta." Besides it was important 
to establieh the correlations with the great etratigruphic ays- 
terns of Europe, a work ao well done by De Vcrneull in 1846, 
und which wanted to be transferred on the official geological 
map of the otate. 

The state geologist, Mr. James Hal), has followed closely 
the researches of Vaniixem, Conrad and De Verneuil, improv- 
ing by well observed details the stratigraphy of all the coun- 
try tM^tween Schenectady, Schoharie, Buffalo, and the bound- 
ary line of the state of Pennsylvania, and his map of 1894 is 
a great improvement on the geology and geography of the 
third and fourth districts. So now, thanks to the Geological 
Survey of New York, and its director, Mr. James Hall, we 
possess for that important portion of the state a correct and 
excellent geological map. 

But the other portions, especially the eastern, or first geolog- 
ical district, are still far from satisfactory, on the map of 1894. 
Dr. Ebeuezer Emmons, on his geological map of 1844, with the 
approbation of Vanuxem, introdiifted a new great system of 
deposits of about 25.000 feet of strata, lyine east of the Hud- 
son river and of lake Ohamplain, which he proved by strati- 
graphy, palienntology and lithology to be older than the Lower 
Silurian or Champlain system, and which he called most 
appropriately the Taconie system. It was a stroke of genius 
on the part of Dr. Emmons, who, before any other geologist 
or any other country, found in America the true base of the 
sedimentary strata, the primordial fauna, and consequently 
the first and most important great geological period in the his- 
tory of the earth. 

Dr. Emmons did not color nAy of the divisions made by him 
in the Taconio, and he was satisfied to place the whole of it 
under a single color. The map of 1894 follows Emmons in 
using also a single color for the strata of the Taconie system, 
only it replaces the name Taconie by a name of a village of 
the state of Vermont, "Georgia" ; and almost two-thirds of the 
strata of the Taconie are cut off and placed farther up in the 
scale of formations, as we have seen and explained in the first 
part of this memoir. The Georgia group of Mr. Hall occu- 
pies, OR Ills map, first, narrow lines in the southern part, 
east of the Hudson river, then going northward the lines be- 
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(.■ome patcbes, and finally when the southern boundary of 
Rensselaer county is reached the Georgia formatior. tukee the 
form of broadband^, extending through the state of Vermont. 
If we compare those Georgian outcrops with the Taconic of 
the map of Emmons of 1844, we see that the main part of the 
original Taconic between Wi)liam6t0wn(MaBeai;hnsettt). and 
Albany and Troy (New Yorlt), is inclosed in tbe Georgian. 
The only difference oonsists in the broadness of the great band 
of Primordial, the map of 1694 reducing the dimension of the 
band on both sides (east and west) so as to frame and involve 
almost totally the Taconic within strata which are called Si- 
lurian. 

Here now comes the delicate and not satisfactory point, for 
whatever may be tbe opinions or personal inclinations, it is 
difficult to accept as identical, formations ditfering in every 
way, stratigraphic, Hthologic and palKontologic, and with 
thickness absolutely most disproportionate with the standard 
and typical formations close by — being separated by distances 
less than the range of a cannon-ball shot. In order to avoid 
this difHculty Mr. Hall has created two new divisions in the 
Lower Silurian or Champlain system under the names of 
"Metamorphic Trenton and Calciferous" and "Metamorphic 
Hudson Eiver formation." The state geologist, instead of 
preserving distinct the twd divisions of the Hudson or Lor- 
raine and tltica, as they are on the maps of 1842 and 1844, 
has united them in a single division called "Hudson River and 
Ulica," with the omission of the word "Lorraine." 

In the legend the position occupied by the two new "meta- 
morphic" divisions is misleading, for the metamorphic Trenton 
and Calciferous is placed between the normal Calciferous and 
the normal Trenton, and the metamorphic Hudson is placed 
between the normal Trenton and the normal Hudson, which 
seems to imply that the metamorphic divisions preceded the 
normal divisions with which they are identified, being, accord- 
ing to the legend, older than their typical and normal forms; 
which would be just the contrary, for if they are truly the 
metamorphic of the divisions they are claimed for, they ought 
to be placed above those divisions and not below, for the 
metamorphism as the word implies came always after the 
deposition of the regular strata and consequently succeeded 
in tbe chronology of geologic history. 
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On the map of Mr. H«U those two divisions cover vast sur- 
faces in the most eastern parts of New York, entering the 
state of Maesacliiigetts and extending northward through the 
state of Vermont. 

In order not to embarrass the reader with too many techni- 
cal and geographical details, we can say, that in the main, the 
new geological map of New York concedes to the Taconie of 
Dr. Emmons about one-third of the surface occupied by that 
stratigraphic system. The two other thirds are regarded by 
Mr. Hall and hie assistants as belonging to the Silurian, call- 
ing, when it suits them, the strata "nietamorphlc" Calciferous, 
Trenton, Hudson, and even Oneida (the last under the name 
of Rensselaer grits). Why the name "Metaraorphic" is used, 
there is no explanation, and if we consult the works published 
by members of the United States Geological Survey on the 
Rensselaer grits plateau, the Green mountains of Massachu- 
setts, etc., we do not see any trace of nietamotphism among 
all the strata there; and, as farther north, in Vermont and in 
Canada, no metamorphiem exists also, we have no explanation 
whatever of what is meant by "metamorphic Calciferous, 
Trenton, Utiea, and Hudson." But supposing that the strata 
under discussion are metamorphic, that does not imply the 
apparition of completely different faunas, of thickness ten 
and even twenty times greater, of slates instead of limestones. 
Metamorphism, no more than invisible faults or invisible bar- 
riers, can not be of any use to explain the existence of Ave 
thousand and more feet of strata at Quebec city, Pointe Levis, 
Phillipeburgh, Highgate, Swanton, Shoreham, Troy, Stock- 
bridge, etc., etc., with their numerous fossils, almost totally 
different, — with only an .exception of ten or a dozen forms — 
from those found in the typical and classic Calciferous, Tren- 
ton. Uticu and Lorraine (Hudson). A misuse of paleontology 
against the rules advocated by Alexandre Brongniart, Edward 
Forbes, Thomas Huxley, and others, cannot change the age of 
strata. The Upper, the Mtddle,and Lower Taconie, with a thick- 
ness of 25,000 or 30,000 feet of strata, not metamorphic, con- 
taining at different levels, several faunas most characteristic 
and quite rich in number and forms, exist in eastern North 
America ; and the sooner the different organizations of official 
surveys accept the plain facts, as they are in the field, the bet- 
ter for the practical geology of the western hemisphere. 
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Now, a Tew words, as brief as possible, on the itatu» of the 
Geological Survey of New York, and the United States Geo- 
logical Survey, After more than fifty years of opposition to 
the acceptance of the Tuconic system, the adversaries of that 
system have conceded that one-third of the portion of the map 
colored by Dr. Emmons us Taconic, is truly of that age, or, 
according to their nomenclature, is Georgian and Cambriati. 
It is certainly a progress. Only, at that rate, it will take one 
hundred years more for the adversaries of the Taconic system 
before they will accept the whole system. And we shall have 
the unique case in hietoric geology of a great period, first 
blotted out from existence, and then, little by little, creeping 
along at the most painful and incredibly slow puce, until af- 
ter a lapse of a century and a half, we shall Hnd our knowl- 
edge of the primordial system of eastern New York and 
western Massiichu setts just at the same point where its dis- 
coverer. Dr. Ebenezer Emmons, placed it in 1841. What a 
stow progress! entirely due to the opponents and persistent 
adversaries of the Taconic system. 

C'nmbridj/e, Mnss., December, 1896. 



RAPIDITY OF WEATHERING AND STREAM ERO- 
SION IN THE ARCTIC LATITUDES. 

Bj R. S. Tabh, Ithaca, N. V. 
(Plate VI,] 
Wealkering. Evidence that Baffin land and parts of Green- 
land have been recently glaciated is found on every hand. In 
the case of that part of Greenland especially studied by the 
Cornell party last summer,* it was found that the ice is still 
withdrawing from the land, and that some sections have been 
uncovered so recently that vegetation has not yet begun to 
cover the rock and the morainal soil. Very nearly the same 
remark holds for one of the nunataks located about seven 
miles from the land. On this, altl^ugh many forms of plants 
have found a home, the heavy-seeded varieties have not yet 
begun to grow, except in a very few widely scattered colonies. 
Notwithstanding the recency of this ice covering, the weath- 
ering during the brief post-glacial time has been sufficient to 
*In connection with the expedition organized by Lieut. B. E. Peary. 
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produce marked <<hBnges upon the surface. To me the evi- 
dence of the amount and rapidity of weathering and erosion 
in the Aretio came as euch a surprise that 1 wish to call espe- 
cial attention to it. 

One might expect that nearly the entire action of weather- 
ing in the higher latitudes would be that of mechanical de- 
struction, biit such is not the case. Possibly because crevices 
are opened by the frost, the rocks readily and rapidly decay 
as a result of the chemical changes of the minerals. This 
disintegration of the rock has been slight wherever it has 
been protected by even a thin soil or vegetable covering. It 
is upon the exposed rock face, nearly bare of vegetation, and 
open to all the changes of weather that the rapid disintegra- 
tion is noticed. Hence these chemical changes are not sensibly 
dependent upon the presence of vegetable acids. It is true 
that on nearly all exposed rocks there are many lichens, but 
these are hardly competent to furnish much vegetable material 
to the percolating water. The oxygen and carbon dioxide of 
the air, working with the water, are the chief elements of 
change. As a result of these chemical changes the rock is 
often discolored by iron salts, and considerably altered near 
the surface; but nowhere has it been in operation long enough 
to have caused distinct soil of decayed rock particles. 

While notwithstanding the general ubsence of vegetation, 
and the low temperatures of the water, chemical disintegra- 
tion is actually in progress, and apparently not slowly opera- 
ting, the chief weathering that is seen is that of mechanical 
kind. One very important agent of this change is the lichen. 
Few parts of the world will yield a more abundant lichen flora 
than this northern country, north of the timber belt. The 
ledges, boulders and even the tiny pebbles, are almost every- 
where lichen-covered, and as they grow these must be per- 
forming a mechanical work of rock disintegration of high im- 
portance. 

It is of course in the decided changes of temperature, and 
the extremes of cold in winter, that we are to find the most 
energetic agents of weathering in these high latitudes. The 
expansion and contraction of minerals with the changes of the 
temperature, and the effect of frost in the crevices, are active 
agents in breaking up the rocks. With the extremes of cold 
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during the winter the luinerniH must become brittle, and tliiB 
result may also aid in tlie breaking up uf the roclis; for when 
a roi'k IB extremely brittle the etraine eaiieed by onntraction, 
resulting from continued cold, will then be much better able 
to break otf fragmentx than at other time?. Whatever the 
exact cause, flakes, bitB and even bldck« of large pize are riven 
from the ledges and cliffs. Even on horizontal surfaces one 
• nft«n sees remarkable instances of the spreading of rocks, 
evidently its the result of frost action, on the Joint and bed- 
ding planes. Great blocks have moved horizontally for dis- 
tances of several inches, or even in some cases a foot or two; 
and upon gentle inclines the down hill sliding of disturbed 
blocks is evidently rapidly in progress. 

Upon steeper slopes the blocks fall as soon as they are 
loosened from their beds. In both Greenland and Bafl3n land, 
although recently ice covered, and certainly sconred stiffii-iently 
to remove the loose materials, the most characteristic surface 
feature, besides that of the bare rook ledges, is the talus iic- 
(-•umulation at the base of the cliffs and on the sides of hills. 
One can rarely travel in any direction without very soon hav- 
ing his path leading him over a talus of frost-riven boulders; 
and so rugged is the surface as a result of this that the aver- 
age rat* of travel over the land in the part of Greenland 
where our party worked was not over one or one and a half 
miles an hour. In these talus deposits the surface of the 
blocks is usually rusted by iron sidtn derived from the chemi- 
cal changes which are in progress, and they are generally 
covered with lichens; but every now and then single blocks, 
or areas of blocks, of fresh gneiss mark the recent falls from 
the cliffs above. Upon gentle slopes talus blocks are present 
and evidently moving down hill. Everywhere frost and cold 
are at work on a grand scale. 

The talus slopes are often combined with a ruggedness of 
topography quite out of harmony with the outline of a glacia- 
ted country, as we commonly understand it. Some of this rug- 
gedness is an inheritance from pre-glacial times. In fact the 
great clifTs, hill slopes and valleys, and even many of the 
moderate features, are thus inherited. In many places the ice 
action has not been sutHcient to greatly smooth the surface. 
However, much of the irregularity is distinctly of post-glucial 
origin. 
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Kronion. With rapid weathering there is aecompanyiiig 
rapid erosion. This is partly due to the fact that the hills of 
llaiBn land and Greenland have steep slopes', which have been 
inherited from pre-glacial tiniea, and partly t^i the fact that 
at certain seasons there ia a great supply of water for the 
work of erosion. 

I am told by those who have spent years in the Arc-tic that 
one can form no conception of the nmouiit of water that is < 
engaged in this work of erosion; but even a summer trip pre- 
pares one to partly understand the amonnt and power of this 
water. During the summer months many of the streams flow 
in thtiir rock- encumbered beds, out of sight beneath the boul- 
ders. One may climb the mountain side in a stream bed.witb 
the sound of running water in his ears, and not be able to ob- 
tain a drop from the stream thiit is coursing along beneath 
the boulders. Then the rain eoraes, and the streams swell, 
until the water rises above the boulders, overflows the valley 
and becomes a raging torrent. The surface of nil the land 
becomes wet, even though the rain fall may have been slight. 

This marked increase in the amount of water in the stream 
is due only in part to the increased melting of the snow banks, 
and only in part to the supply of waler obtained from the in- 
creased melting of the frost that is in the soil. It is mainly 
the concentration of the rainfall over the general drainage 
basin. Very little of the water sinks into the earth, partly 
because the greater portion of the land surface is bare rock, 
which readily sheds the rain, and partly because, even where 
the surface is soil-covered, the soil is already nearly saturated 
by water furnished from the frost, which even in the late sum- 
mer exists at the depth of a foot or two below the surface- 
By this the soil is kept constantly damp and usually even 
wet, while below the very surface it is frozen into a solid mass, 
so that there is a barrier to the percolation of water into the 
ground. Naturally, therefore, since most of the water must 
flow away into the streams, even a slight rain causes a per- 
ceptible swelling of all the rivers and rivulets. 

During the winter the surface of all the land, excepting the 
most precipitous, is snow-covered, and with the appearance of 
the summer sun this commences to melt and run away in the 
streams. Snow-tiorn rills and even rivers spring rapidly into 
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esieteDL-e, and the water cascades down the hillx and lenps &¥■ 
waterfalls over the face of the cliffs. Some of the snow, the 
banks in sheltered spots, Insts through the summeri but by 
the middle of July nearly all the winter snow has disappeared 
from southern Btlfln land and from that part of Greenland 
which lies south of Melville bay. FOr a Djonth or two before 
this there is exceedingly great activity of water action, and 
then it is that etiffs are carved and mountain gorges enlarged. 

I have never anywhere, not even in the high mountains of 
the west, seen such evidence of rapid down-cutting and tor- 
rential flow as that found on every hand in Greenland. The 
stream beds are littered with huge boulders tons in weight, 
and there was one case, in a fjord at the base of the upper 
Nugasuk peninsula, of n delta made of such boulders, whicli 
had not only been dragged down the valley of the torrent, but 
had been carried out for a hundred yards, over a nearly level 
stretch, and stranded on the edge of a delta whose area was 
several acres. 

Though similar violence of erosive action is often illustra- 
ted in lofty mountains, in this case it was not so much the 
steep gradient of the stream bed which caused the remarkable 
transportation, as the enormous quantity of water turned so 
quickly into the stream. In this region therefore, although 
active erosion is confined to two or three months of the year, 
the sum total of work done exceeds that which rivers are us- 
ually able to accomplish with a full year for operation: and 
the work equals, and perhaps exceeds, that done in mountains 
where, although the slope is greater, the water supply is less 
favorable to intense action. 

Former Rapid Kvosiuii in Nfjf York. Even before this evi- 
dence of great intensity of erosion in these high latitudes 
came to my attention, I had thought that our own region of 
eastern United States furnished evidence of intensity of 
stream action greatly in excess of that now being accom- 
plished. Now that I have seen the present results of this in- 
creased intensity, due to great water supply for short periods, 
I feel convinced that this evidence has been correctly inter- 
preted.. 
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The gorges of central New York, near lakes Cayuga and 
Seneca, are in some cases much broader near their mouths 
than their heads. In sniue cases, notably in Estey's glen on 
the eaetern side, and Taughannock gorge on the western side 
of the southern end of lake Cayuga, the present streams are 
engaged in cutting narrow gorges. Below the falls in these 
streams the valleys are broad, though atill distinctly post- 
glacial gorges. The valley width is entirely out of proportion 
to the size of even the broadest torrents that now flow through 
them. It is as much out of proportion as the late summer 
stream is to the gorge valley which the spring torrents are now 
carving in Greenland. 

It will not Bufflce to say that weathering and stream mean- 
dering have broadened the gorges iu their lower reaches, for 
the change in width of the gorge is abrupt. Moreover in some 
of the smaller streams the broad lower gorge is now being 
littered by talue heaps, upon which trees are growing; and 
this shows that the water supply of the present is not only 
unable to cut so large a gorge, but cannot even dispose 
of the rock load furnished it by weathering. The condition 
reminds one of the abandoned outflow channel of lake Bonne- 
ville, and the shrunken streams of the far west. Once occu- 
pied by large streams, they are now becoming littered by the 
products of weathering from the valley sides. 

If this interpretation is correct, and the time near the close 
of the Glacial period was one of greater water supply to the 
rivers, as we may well expect that it would have been, it is 
hazardous to draw conclusions from post-glacial gorges con- 
cerning the length of time that has elapsed since the Glacial 
period. This adds another important element of uncertainty, 
and in the case of Niagara it may well be sufficient to partly 
or entirely counteract the less rapid work that some believe 
was done during the time of diminished water supply. Double 
the amount of water that flows over Niagara falls, even for a 
very short time, and the rate of work in gorge formation will 
certainly become greatly accelerated. 
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Ueber rnmbrineke und iihirinche PhotphorilfUhrende Gesttine nus 
Sehweden, von Joban Gunuar AnderBEon <Bu1l. Oeol. Instit. of Upaala, 
No. 4, Tol. n. Part 2, 1895.) Under the abovfi title Heir AndersBon gyieit 
a very full account of the various depoBitb of phonphate rock found in 
Swe<len, with the geological age, conilitione and mode of occurrence of 
this Butiataoce at the several horizons where it has been found to exist. 

The literature of the subject in fully treiLted, beginning with the die- 
coveriee in Dalecarlia and Westgotlaod in 1870, and continuing with 
thoee in CEIand, Schoren. Nerlke, An germ an land. Norbotten, EUst Got- 
land, etc. Various well known Swedish geoliigiste have taken part in, 
and discussed these diecoveriee. 

The phosphate deposits have been found at several horizons, the old- 
est being in the Lower Cambrian in several districts, dz.: Gotland, 
(Eland and Gotska Sandon, the next the Middle and Upper Cambrian 
at CEIand, Horn and Dniecarlia. The third horizon is at the bnse of 
the Onlovician in Nerike, Wambe, (Eland, etc. 

From BD examination of the phosphate nodules of the base of the Or- 
dovician, which he affirms to constitute a conglomerate, Herr Andersson 
coDcliidee that this is not an original deposit of phosphatic material, 
but uonsists of rolled fragmente derived from the Upper Cambrian 
alum slates beneath. This isshown by tbefraginent«of various species 
of Cambrian trilobiten contained in these phosphate nodules (Petura 
Sphcerophthalmus. Ctenopyge. etc.) 

On the other hand, he considers that the phosphate is indigenous in 
the Cambrian horizons. The oldest Lower Cambrian phosphate zone, 
he calls the TinfUella lavigitln (formerly IJyoliten I.) conglomerate. 
MichiriUia (formerly Obolus) monili/era is said to occur with the 
Torellella and it is shown to He above Olenellus (now Hohiiin) lyerulfi. 

The phosphate horiziin in the Middle and Upper Cambrian is called 
the Acrothele granulatiiiniugloLnerate, and contains a variety of fossils, 
chiefly those of thfi "Middle" Cambrian, with one or two from the 
Lower Cambrian and aeveral from the Upper. It appears therefore, to 
have accumulated at some locnlities during much of the Cambrian age. 

Among the conclusions which Herr Andersson bases on his study of 
the Swedish Cambrian bed, are the following: Wherever, in the Swed- 
ish Cambrian— Silurian, narrow abore-depoalte are met with, we find 
also numerous occurrences of phosphatic nodules. The Lower Cam- 
brian ToreifeWa-bearing conglomerate, the Obolus conglomerate In 
Dalecarlia and the Island of (Eland, together with the Lover Silurian 
Sfropkomena jeutzucht conglomerate are apparently phosphatic beds 
of an undoubted littoral nature. Speaking of the glauconite which ap- 
pears in the Str. jeutzuchi horizon, the phosphate -bearing ahsllow-sea 
layers contain masses of glauconite graius, while the glauconite played 
a subordinate part in the littoral phosphate bearing deposit. This ol- 
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currence of the glauconite in the Sweilish Cambro-Silurian layers ie io 
complete accordaoce with the bathy metric d iff uaion of sediment rich 
in glauconite in luodern aeaa. In the littoral anel sub-littoral zodch {of 
the sea) glauconite has never been found. Beceot sediments rich in 
Klauconite and phosphate of lime have an exact bathymetric equiva- 
lent in the above described shallow -water formations rich in glauconite 
and often phosphate bearing, of the Cambrian and Silurian tcrrnioa. 

Herr Andereson draws a distinction between the shore deposits poor 
in glauconite and the shallow sea formation rich in glauconite; both 
typea have a great extension at various borizons. both in the Cambrian 
and the older Lower Silurian: the younger Lower Silurian is formed of 
fioe sedioiente, slates and limestones in which glauconite B')d phos- 
phate of lime play no important part. 

The shells of the inurtiuulatebrachiopod, which occur in more or less 
abundaace in the Lower Cambrian sandotones, are looked upon as the 
source of the phosphate of hnie in the nodules found in the older Palte- 
ozoic rocks of Sweden. a. r. x. 

The distrifnition nf the Cumln'ia7) atid Lower Silurian formations in 
Siberia, by Baron Toll (Memoirs of the Russian Imperial Mioeraiug- 
ical Society vol. xxxm. I, 1895.) It was Th. Schmidt who first an- 
nounced the existence of Cambrian beds in Siberia. Tbia well known 
scientist io the year 1886 described three species of trilobites [Agnonlua 
czektinou-akii, Liosiraritu maydeili and Anomocare pavlmritkii] which 
are found in the basin of Olenck iu the lower course of Koiku and on 
the Vilni river. We have no Inter Information upon the stratigraphy 
and distribution of these deposits in Siberia. 

Very recently Mr. Baron Toll, who studied the collections of Mldden- 
dorf Czekanowski and Lopatin, the well known travelers in Siberia, 
concludea, that the Lower Silurian and Cambrian beda have a very 
large development in this country. 

The author shows that the well known but previously not clearly de- 
termined '-rfed rocks" of Lena are to be referred to the Silurian. In 
Krivolutzki (on the Lena river) occur undoubted Lower Silurian beds 
■containing jlsCTpAus, Phaeopa. Beyrichia, Primitia, etc., and extending 
westward to the Middle and Lower To^mgooska. This horizon cotisiate 
generally of Bandsti>ne, breccia and limestone, and in the upper beds 
often contains gypsum. The dip of the strata is sou th westward • 

To the northeast from this place, in the neighborhood of Olekmin^k, 
ion the Lena river), Mr. Czekanowski has found the beds which under- 
lie the "red rocks" of Lena. These beds are represented by reddish 
brown limestone and contain Obolellu (ap). and several forms of Micro- 
liiactts, which manifest the near relationship with the MicrodiscvH 
xpecioHua and Jf. lobatnn Wale, described as the Lower Cambrian 
forms of America. 

According to Mr. Baron Toll, these Cambrian beds occur over a large 
area; they stretch to the Tabagjnsk station (near Takutsk on the Lena 
river) and, probably, to the Olenek river, where the stylolite limestone 
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IB found, fiimilHr to the Cambrian lioieetoDe of Lena, but very poor ot 
FoflBilf. In it wna found opiy one pigidiuu ot a trilobite of the gfnus 
DiKvloceplialus, 

Perhaps, to this large Cambrian baein can be referred the etylolite 
rimealone with Foraminifera, developed in the Middle Toongooaka, aDi] 
the limestone of Torgoecha, which contaiDB the trilubitea, Proeftis 
atalk'iicxIH and Cj/phaspin Rtbericuf, as well as the corals that Mr. 
Toll described as forma of the genua Arcliecocyathug, for the Bret time 
found in the Cambrian of Canada and having a large extension in the 
Cambrian of Europe. Since in the Cambrian of European Ruseia only 
littoral deposits occur, the author thinks the moet probable explana- 
tion of this fact is to suppose that these corals were migrating from 
the east. a. w. p. 

The anci'-nt roleantc i/wfrs of South Mo'intain. Pennaylvania. 
Flobencb Babcom. Bulletin No. 136, U. S. Geol. Survey, 1896. Oc- 
tavo, 121 pp., 28 plates of microscopic characters and geological map; 
13 cents. Thia work reviews previous descriptiims of the igneous rocks 
ot South mountain by the geologists of PennBylvania, beginning as early 
as that of Lewis Evans, in 1T!>.'>, and ending with the last expressions by 
Hunt. Frazer and Lesley. By these geologists, without exception, these 
rocks were regarded as metamorphosed elastics. .\n exception mi^ht 
be made, as noIe<i by Miss Baacom, of the sketch of J, F. Blendy, 1879, 
■ ho referred to the greenstones as "aniygdaloidal trap," and correlated 
the lurmation with the copper- beari ng rocka of the lake Superior n-gion. 
The acid riHiks, however, he eonsiderMi still as "slates.'' 

It was in 1892 that appeared the first paper which advocated the ig- 
nwua origin of these rocks, the result of field work done by the late Dr. 
Gei). H. Williams and by Miss Bascora. Since then the same geologists 
have fully deiQonstrat*il, by more detailed examinations, not only the 
eruptive nature of these rocks, but also their probable extension along 
the Appalachian mountains, from Vermont to North Carolina. 

These volcaiiics are associated with certain sedimentary strata which, 
on the basis of some examination, Mr. Walcott has concluded are of pre- 
Cambrian age. The structural evidence of the prior date of the volca- 
Dics is, however, not as convincing as is desirable. Dr. Williams, indeed. 
« as led to express his doubt as to the volcanice being earlier than all of 
the sedimentary strata. They may be older than the Potsdam sand- 
atone, which is correctly classed, there, as Cambrian, but there is a 
much older and very important member of the Cambrian which exists 
helow that quartzyte. 

The author's description of the three rock types is full aad convincing, 
un all the questions on which she differs from the Pennsylvania geolo- 
gists. 

These three types are: 

"1. A siliceous sedimentary rock, represented by a quartzose con- 
glomerate, a sandstone and a quartzyte. This is rarely accompanied by 
■D interl>edded argillaceous slate. 
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"S. Ad acid volcanic rock which BhowB all phases of crystallizatioD, 
from El epherulitic rhyolite to a true quartz -porphyry, is amygdaloidai 
or compact, ie acconipaoied by pyroclastlce and breccias and ie some' 
times sheared into a perfecty flssilc shale or eerie ite -schist. 

"3. A basic, holocrystalline, volcanic rock which is usually amygda- 
loidal, massive or more frequently HchistoHB, and ie also accompanied by 
pyroclastics and bretjciae and sheared to h elate." 

The various conditions and atructurea of thece rocks are described 
with clearness and acumen, as might be expected of a young geolofiist 
who had received a petrographic ttsining from the lamented Williarae. 

Nos. 2 and 3 above are the types that carry the crucial characters, 
and the most of the epsay ie devoted to the deecriptioD of their peculiar- 
ities. The acid eruptives which are the "primal upper slate" of Rogers, 
range in color "from a brick red, through pink, purple, blue, gray to 
Kshy-green, light green or buff," They are sometimes porphyritic, 
spherulitic and eutaicitic. They are occasionally amygduloidal. They 
contain flow breccias and tuff breccias. 

The basic eruptives are more widely extended than the acid, consti- 
tuting the rock of many of the valleys, foothills and mountain flanks. 
Originally massive, they hare become schistose or slaty by pressure and 
shearing. They exhibit a marked and frequent amygdaloidal structure. 
They also contain bande and beds of volcanic ash in which are also vol- 
canic bombs. In one instance an agglomerate is mentioned, coneieting 
of rounded fragments from an inch to six inches in diameter. These 
characters are fully identifled and described, and there can no longer be 
any question as to the nature of these "primal slates," whether of the 
upper or the lower series. 

The characters of these rocks, as noted above, as well as their well 
known content of metallic copper, and their etratigraphic position, af- 
ford BO perfect a parallel with the Keweenawan of the lake Sup«ior 
basin that their identity in age with the great copper -bearing formation 
of lake Superior can hardly be questioned. It is really a surprising com- 
mentary on the comparative thoroughness and skill with which the two 
regions have been examined to not« that the true character of tliese 
"primal slates" has been detected only within recent years (Dec. 189S), 
whereas the igneous nature of the lake Superior eruptives has been 
known since about 1612, an intervening period of fifty years, indicat- 
ing the backwardness of the geology of the Appalachians. 

In conclusion we desire here to commend the suggestione of the au- 
thor as to the nomenclature suitable for such acid rocks, viz., a davitri- 
fied rhyolyte, obsidian or perlit« becomes aporbyolite, apobsidian, apo- 
perlite, the prefls apo having a significance co-ordinate with meta and 
cpi in petrographical nomenclature. n. H. w. 

The Relation of the Fnuna of Vie Ithaca Groap to the Faunat of the 
Portage and Chemung. By Edward M. Kindle. Bulletin No. 6, vol. 
n, Bulletins of American Paleontology, Ithaca. N. Y., contains 51 pp.j 
with map, plate and illustrations. The subject ie treated under four 
parts. 
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Part I contaiDS ''Introduction " nod a "Brief review of tbe study of 
tbp Upper Devonian in New York." Under tbie heHdiDg the author 
li^vea a short summary and classification of the Upper Devoniaa as de- 
scribed by previous workerp. Fig, 1, which closes the "flrst part," is 
made to represent three sectiaoB in the Upper DevoDiaOi in different lo- 
calities in New York state, ttiviug.the division of each and their correla- 
tion. (Naples section, Clarke. Ithaca section, Williams. Chenango 
valley section. t 

Part II gives a detailed study and description of the sections made in 
and around Ithacn, with a list of the genera and species found in each 
section, closing with a "Table Hhowing the range of some of tbe species 
of the Portage and Ithucs faunas at Ithaca, N. Y." This table is based 
on four sections in which the fipirifer tcei'ia zone has been ascertained, 
ns the authnr states, and is so arranged that the vertical range of each 
species in tbe group is referred to the Spirifer Itrvii bed of the Portage 
group. 

Part HI gives a "List of npecies occurring in tbe Portage and Ithaca 
groups, and a list of speciesgiven by others in the 'typical Chemung.' " 

Part IV contains summary and partial bibliography. 

Tbe most important facts pointed out by the author in bin study of 
the Itaca group are Drat, four faunas are represented in this group. 

Secondly, the extent in "vertical range i>f some of tbe well known 
species'* of the group faunae and tbe more definitely determining that 
of others. Otsptocaittia xjiecioia and Lttnulicetrdium fragik, two of tbe 
most abundant and characteristic Portage species, were found in the 
Ithaca group- The finding of a second Siiiri/er lavii bed located 110 
feet below the zone at base of Ithaca falls. "The number of recur- 
rent Hamilton fossils previousiy known from the Ithaca group has been 
increased by the discovery of some additional species," which are Phn- 
cop» rana, Orthia vanu.Eemi, Miidinm'irphn mytiloulet, Niiculitf* tri- 
qiteler. Strophodonta perjtlarta, PhlliO'iia cgliudriea. 

Thirdly, a comparison shows that nearly sll of the typical Portage 
species odcmt in the Itbaca fauna and some of the most abundant Ith- 
aca fauna occur in the Portage, e, g., Cgrliiui hnmiltonetiKin and Sin)- 
phodonta miicrotuita. 

Fourth and lastly, a close relationship is found to eiiat between the 
faunaa of tbe Ithaca and Chemung divisions, but not to tbe extent as 
between the Ithaca and Portage. The author concludes by stating, 
that because of the close relationship in tbe two faunas the Ithaca di- 
viuon should l>e classed in the Portage epoch. 

Two new species are figured and described by Mi. Kindle, viz., Bel- 
Urophon itharennis, a. sp., Aviculopecteii lautita, \ta. ilharentit, n. 
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Held work at the seashore, J. H. Sears; On a preglacial- sand plain, 
probably of the Tertiary age, in the central part of Essex Co., Mass., J. 
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hravhiopod from the Lower Helderberg liraestonep, R. P. Whitfield: 
Psittacotberium, a membtr of a new and jirimitive suborder of the 
Edentata. J. L. Wortrnttn: Notice and descriptioD of a new species and 
a new genua of Phyllocaridte, R. P. Whitfield; The Chazy of lake 
CbaroplaiD, F./*i Brainerd and H. M, Seely. 

Bull. Geot. Soc. Amer.. vol. 8. pp. 1-16, Dec. 31, 1806. Proceedings of 
the eighth Bummer meeting. II. L. Faircbild; Cuyaboga preglacial gorge 
ia Cleveland, Ohio, Warren Uphain; Origin of conglomernteH of west- 
ern Indiana, T. C. Hopkins. 
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Nat. Geog. Mag.. Nov. Tbe economic aspects of soil erosion. N. S. 
Shnler. 

Amer. Jour. Sei., Dec. Arcbelon ischyros; n new gigantic cryptodire 
lest udinat« from the Fort Pierre Cretaceous of South Dakota, G. R. 
Wieland-. Examination of specimenB from ChichanKanab, Yucatan, J. 
L. Howe and H. D. Campbell: Chemical composition of Hawaiian soils 
and of the roclis from which they have been derived, A, B. Lyons; The 
original Trenton rocks, T. G. White; Jurassic formation on the Atlan- 
tic coast, O. C. Marsh. 

Science, Nov. 6. Current notes of ptayslt^raphy, W. M. Davis. 

Science, Nov. 1.3. Hooore to Jamee Hall at Buffalo. W J McGee, J. 
M. Clarke, and others; Final summary report of the Geological Survey 
of Pennsylvania, E. V. d'lnvilliers. 

Science, Nov. 20. Current notes on phyfiiograpby. W. M. Davis: GIs- 
ciers in the Montana Rockies. L. W. Chaney, Jr. 
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Science, Dec. 4, Tbe Jurassic formation on the Atlantic coast, O. C. 
Marsh; Volcanic ash in southwestern Nebraska, R. D. Salisbury; Cur- 
rent notes on physiography, W. M. Davis. 

Science, Dec. 11. Age of the Potomac formation, G. K. Gilbert; Le 
Conte'B Elements of Geology, G, K. Gilbert, 
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question of claasilication. R. T. Hill. 
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petrographical sketches (II. Tbe Viterbo region), II. S. Washington: 
Tbe principles of rock weathering. G. P. Merrill: Editorial on nomen- 
<'lature of glacial deposits in the MisRissippi valley, T. C. Chamberlin. 

Applotons' Pop. Sci, Monthly, Dec, Sketch of Henry Darwin lUjg- 
ers: Igneous intrusions and volcanoes, I. C, Russell. ' 

Amer. Naturalist. Dec. Fossils and fossilization, L, P. Gratacap. 
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Ottawa Naturalist, Nov., 1896. New species of graptolites fTom Caa- 
adit, H. M. Ami. 
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WhiteavBB; NBmntophyton craeaura, D. P. Penhallow: Pre-OambriBn 
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Becker; On i^eous rocks from Smyrna and PergamoD, H. S. Wash- 
ington: Note on a new meteorite from the SacnLmentoinouDtainB, Eddy 
Co., New Mexico, W. M. Foote: Catalofjue of the collection of meteor- 
ites in the Peabody Uuseutn of Yale University. H. S. WasbingtoD. 

Science, Jac. 1. The geology of government explorations, 8. F. Em- 
mons; Current notes on physiography, W. M. Davis, 

Science, Jan. 8. The «fin\ogy ot government exploratioDB, 8. F. Em- 
mons; Volcanic duat in eouthweetem Nebraska and in South Dakota, 
J. E. Todd. 

Science. Jan. 15. Geological Society of Ameriea, ninth annual meet- 
ing. J. F. Kemp. 

Technological Quart., Dec., 1896. Origin of pegmatite, W. O. Croaby 
and M. L. Fuller. 

Eng. and Mining Jour., Jan. 9. The hematites of Alabama geologi- 
cally considered, Henry McCalley. 



PERSONA]^ AND SCIENTIFIC NEWS. 

Thk Ahebicah Amtiquakian (under the editorship of Rev. 
Stephen I). Pee t, Good Hope, HI.) will publish, during the 
present year, a series of articles, by different Hiithore, on the 
relatione of geology and anthropology. 

Lehigh UNiTKRaiTr has received from Mrs. Coxe, widow of 
the late Eckley B. Coxe, of Drifton, Pa., the technical library 
of Mr. Coxe. This library ia especially ridh in sets of various 
journals und traaBaelione of Bcieiitifio aocieties. 

Joseph D. Weekb, editor of the Amerienn Manvfuclvrer. 
died on Dec. 26th at Pittsburg, Pa. Mr. Weeks was known 
to geologists chiefly through his economic work for the U. S. 
Geological Survey which he began in 1885. In the 16th An- 
nual Report of that survey be contributed papers (Mineral 
Resources) on manganese, petroleum, natural gas and manu- 
facture of coke. 

Glaciation in the Pt70et Sound region. During the past 
season the drift deposits about the southeastern edge of Puget 
sound have l>een studied in some detail. They are found to 
consist of several beds of till, separated by stratified deposits 
of clay, sand and coarse gravel, together with widely distrib- 
uted lignite beds. The character and extent of the glaciation 
of the Puget sound region are indicated in these deposits, and 
it 18 found that the principal flow of ice was rather from the 
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north than from the mountuinfi on the eoutheaet. Two prob- 
lems are presented by tlie phenomena — (1) the sequence of 
glacittl advance and retreat and the extent and duration of 
climatic changes indicated by the presence of lignites: (2) 
the bearing of the peculiar conditions of glacial development 
upon the physiography of the sound. Either the deeper val- 
leys of the sound have been eroded during a period of high 
level from the once more extensive sheets of drift or, as sug- 
gestJid by Ruasell, the channels represent the beds repeatedly 
necupied by glaciers, whicli in their advance and retreat built 
up the plateau-like eniinennee of the region, probably upon 
the pre PxiPting topography. The past condition of Puget 
sound under confluent glaclation is probably now represented 
by the Matasipina glacier and its' altendnnt phenomena. — 
B.iltey WniU. 

Geolooical Socikty of America. 
At the recent meeting, whicli was held at Washington, about 
75 fellows were in attendance, and the Washington geologists 
gave the society a very warm welcome. Seven new fellows 
were declared elected by the ballot returned, and Prof. Edward 
Ort<)n, of Columbus, 0., was elected president. The report of 
the officers showed that the society is flourishing, Ifnarciatly 
and otherwise. Following is tile list of papers presented: 

Joseph Le CoNTB'-The ditfercnt kinds of eurtb-crust maveraenta and 
their cauaea. (President's address. | 
J. S. DiLLER—Crater lake. (30 inloutes.) (Ldintern views.) 
J.F. KEMP-The Leucite .hills, WyoiuinR. (1.^) minuU-s.) (Lantern 

N. H, DARToN-PhyaioKrHphic development of the District of Colum- 
liia region. |30 miDutes.j (Lantern viewa.l 
N. H. Dabton— DihcH in .\ppalaehian Virginia. 110 minutes.) 
Prank LEVERETT-On the ebanneeofdrainaKein theOhioriver basin. 
120 minutes.) 

C. WiLL^RD Haves — The solution ori|iiHrtz under atiuoepheric condi- 
tions. (15 minutes.) 

Maril'b R. Campbell- -Erosion at baselevel. (lOiuinutee.) 

Marivs R. Campbell- The origin of certiiin t^ipographic forms. I2ri 

J. B. WoiniwoBTH-HoraoloKJ'of jointRnnd artificial fractures. (10 

ArthubKeith— Notes on the alruclure of the Crao berry district in 
North Carolina. (15 minutes.) 

C. H. Hitchcock— Notes on the stratigraphy of certain homogeneous 
rocks. I5 niinutea.) 

J. B. WooDWORTH — Uneonforroitips in Marthas Vinevard and Block 
island. (SO miouteB.) 

Robert Bell— Evidences of northeaaterly differential riaing oi the 
land along Bell river, (l.'i minules.) 

GeoboeE. Ladii— Surface tension of water as a cause of geological 
phenomena. 

Erasmus HAWOBTH^Cementing materials of the Tertiary sands and 
gravels of weatern Kansac. (15 minutes.) 

H. W. Turner -The work of the U. S. Geological Survey in the Sier- 
ra Nevada. 
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J. W. 8pENCEB-<ieoiDorphj or JamaicH ae evideocea of changes of 
level. (Read by title,) 

Ralph S. Tarr— The Cornell glacier. Greenland. (30 ojinutefl.l 

H, L. Faibcrild— Shorelines of lake Warren and of a lower water 
level in western -central New York. (ICI tninutee.} 

G. K, Gilbert— Old tracke ot Erian drainago in western New i'ork, 
(30 mJnules.) 

Anoeia) Heilprin — The aasumed glaciatioD of the Atlan tuountHiDB of 

FaAHK Levebett— The relation of an abandoned river channel iu 
eastern Iowa to the western etlRi- nf the IlliDoia icelobe. (15 minuter.) 

Geokhe H. Barton— Glaeia I observations in the Umanak district, 
Greenland. (.30 minutes.) 

F. B. Taylor— The Nipissing Mnttawa river, the outlet ol the NipisR- 
Ing great lakes. (20 minutes.) 

F. B. T A YLoH— Moraines of recession and their significance in glacial 
theory. (20 minutes.) 

Harry Fieldin<i Rbid — Mechanics of glaciers- -moraines and strali- 
flcHtion. (30 minutes.) (Lantern viewp.) 

Harry FieldinoReid — Variations of glaciers. 

Bailey Willis— Preliminary note on the Pleistocene history of Puget 
sound. 

Warren UpHAM-MiHiifieddriftinSt. Paul, Minnesota. iSOminuteB.) 

t. C. RvsflELL— Notes on plasticity of glacial ice. (6 minutes.) 

Ohakleh R. Keyeh — Physical hn(ne for general geological correlation. 
(10 minutes.) 

F.D. Adams and A. E. Barlow— Origin and relations of the Green- 
ville-Hantingsseries in the Canadian Laurentian, with observations bv 
R. W. Ells. 

J. F. Kemp— The pre -Cambrian topography of the eastern Adiron. 
dacks. (20 minutes.) 

J. E. Wolff and A, H- Brooks— The age of the white 1 
Sussex county. New Jersey. (25 minutes.) 

Joseph F, James- Notes on the Potsdam and Lower Magneai an for- 
mations of Wisconsin and Minnesota. (10 minutes.) 

Henry 8. Williams. -On the southern Devonian formations- {'JTt min- 

I.'C.WHrrE— A complete oil well record in the McDonald Held, be- 
tween the Pittsbunrh coal and Fifth Oil Sand. (Read by Utie-j 

1 White— The age of the lower C(«le of Henrj' county, Missouri. 
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Henry B. Kl'MMEL-Structure of the Newark formation of western 
New Jersey. (20 minutes.) 

William B. Clark- -The Upper Cretaceous formations of the north- 
ern Atlantic coastal plain. (20 minuter.) 

T. W. Stanton and F. H. Knowlton— Notes on the, stratigraphy and 
Paleontology of the Laramie and related formations in Wyoming. I.IO 
minutes.) 

I. C. RuHLELL — Geology of northeastern Washington. (20 minutes.) 

E- H- Barbour— A study of the nature, structure, and phj'togeny of 
Dtemonelix. (60 minutesj (Lantern views.) 

Geohue P. Merrill- Notes on rock weattioring. (20 minutes.) 

Henry B. KOmmel— New evidence on the origin of some trap sheets 
of New Jersey. (10 minutes.) 

C. WiLLABD HAYF.saDd .\LFReD H. Brooks— The Crystalline and met: 
amorphic rocks of northwest Georgia. (30 minutes.) 

Alfred C. Lane— The grain of rocks. 125 minutes.) 
■ G. Perry GaiMSLKY^The origin and age of the gypsum deposits of 
Kansas. (Read by title.) 

Florence Bascom— Notes on the Pre-Cambrian volcHnics of South 
Mountain, Pa. 
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ORIGIN OF PEGMATITE. 

'' By W. O. Chohbi* ami M. L. FutLBB, Boat™, Mass. 

[From tlie Uii»«. Imt. Tccliri»l»tc> Qiisrt«rl>, vol. U. p|i. \iX-SHI, Di'c.. 1S9<>.) 

Intkodl-ction. 
The hiBtnry of geology ie replete with tlieorie^ of pegma- 
tite, or giunt granite — manifold modi fieut ion b of the agency 
of water and heat ; and this diveraity of opinion finds a ready 
exphination in the fact that in no other olai-s of rocks do we 
And Buch a perfect combination of aqueouE^ and igneous char- 
acters. Although the intimate association and evident dost 
connection of pegmatite with undoubted plutonie rocks, and 

•Nearly three years ngti iDeiieiuber, ISBS) I read u paper on the "Ori- 
gin of Pegmatile" before the G('ol<^ical Society of America, a brief ab- 
Btract of which appeared in the American UKOuxiim' for March, Vi9i. 
(See, also, Maea. Inet. TechniiloKj Quarterly, vol, 7, pp. 30^1.) In thai 
paper Iilevelopeii in outlme the modification of Lebmann'sBqupoiRneouB 
theory of pep^matite, which is more completely elaborated and skihetan- 
tiated in the present contribution: hut its publication was deferred, 
awaitiug an opportunity to more thoroaRhly tent the theory in the Held. 
Id the summer itt 1895 I was able to spend a few days in the i)et[matite 
district of Qratton and Sullivan counticB, in snuthwestern New Hamp 
shire, and later in the year Mr. Fuller, a student in the Geological De- 
partment of the MaBsaehuselts Institute of Technolojty, undertook, 
under my direction, a more extended and detailed study of the pefrma- 
tites of that region, hasincr thereon his thesis for graduation the follow- 
ing June. Mr. Fuller's inveHtiwation has materially modified and 
strengthened the aqueo-igneous theory, and hence this joint pnxluction. 

W. O. C1M.SBV. 
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their agreement with the latter in composition and relations 
to the ineloRing forraations. has led many writers to regard 
the pegmatite itself ae of plutonic igneous origin, it is not 
long since geologists, from a consideration chiefly of the ex- 
ceedingly coarse crjBtaliization and frequent eomb-structiire 
of the pegmatites, were quite generally united, under the 
leadership of T. Sterry Hunt, in the conviction that they were 
true vein rocks, due to the deposition of the various compo- 
nent minerals from solution in open fissures or other preexist- 
ing cavities. Now, however, a decided drift in the opposite 
direction may again be noted, and the recent literature of the 
science indicates an approaching consensus of opinion in fa- 
vor of the association of the pegmatites, in their genetic re- 
lations, with plutonic igneous rocks rather than with subter- 
ranean aqueous deposits. In fact, the view that pegmatite is 
in some sense an intrusive nick may be regarded as so well 
established, through the labors of Lehmann,*Brogger,f Wil- 
liams,^ and others, that the theories of lateral secretioQ and 
aqueous deposition are fast becoming of merely historioal in- 
terest, 

This modern view is more acceptable than any of its prede- 
cessors mainly because it is less extreme. It is a reaction 
toward the igneous category, but the pendulum has not swung 
so far as to wholly exclude the aqueous influences. In short, 
the new tlieory is not simply a revival of the old, but it is es- 
sentially a combination or compromise — neither igneous nor 
aqueous, but aqueo.igneous. The modern conception is that 
in a broad view the pegmatites are igneous rocks, but it is the 
part which water has played in their formation that has so 
strongly differentiated them from other igneous types. Al- 
though we shall incidentally apply the touchstone of observed 
facts to all the principal hypotheses, the chief purpose of this 
paper is a contribution to the aqueo-igneous theory. § 

"Ueber die EntatehuDg der alt hryatalliniBehen SchiefergeBteine.1884, 
p. 24 rt »(■((. 

tDie MiDcralien der SyenitpegmatitgAnge der sUdnorwegiecben Ausit 
ucd Nephelinsvenite. I, Theil. pp. 215-225. For translation, by N.N. 
EvaOB, see Uanadian Record of Science, 6, Kl-46 and 61-71 

t "Origin of the Maryland Penmatitea." Pi[t«enth Annual Report 
United States Geological- Survey, pp. 675-681. 

§The contributions of BrOgger and Williama, already referred to, are 
replete with references and render citations of the earlier literature un- 
necesear; here. 
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The term pegtiiatit© has been employed heretofore in two 
senses; To designite (1) the macro- and miero-peginatific or 
graphic-granite structure in rock? ; (2) a distinct type of 
coarsely crystalline plutonic rocks, which is characterized 
only to a slight degree by the pegniatitie or graphic structure, 
but is especially distinguished, ae b rule, by the gigantic scale 
of its crystallization. It is, of course, in the second sense 
that the term is employed here. We desire, however, to direct 
attention at the outset to two prominent facts which appear 
to us to demand a modification of the definition. First, the 
pegmatites have a wide range in composition, from the most 
highly acidic of all rocks (pure quartz) to ultra-basic varie- 
ties, giant granite being an appropriate trivial name only for 
some of the more acid forma. Second, the differences between 
the pegmatites and the more normal plutonic rocks are tex- 
tural to a much greater degree than mineralogical or chemical. 
In other words, since the classification is based primarily 
upon composition (the result of magmatic differentiation), 
pegmatite should be regarded, not as a distinct species or 
family of rocks, but rather ns a possible textiiral phase of all, 
or nearly all. the plutonic rocks; and we may in general say 
of any plutonic rock that it may be cryptocrystulline, micro- 
crystalline, macrocrystalline, or pegmalitie. Our problem is, 
then, to account for the pegwatitic phase of the plutonic 
rocks. While there can be little or no doubt that the acid 
and basic pegmatites have had a common origin, every stu- 
dent of geology knows that the acid types have been far more 
generally and extensively observed and exploited, and henee 
more fully and satisfactorily described, and our own field 
studies, as already indicated, have been limited chiefly to this 
class. The conclusions stated in the following pages are to 
be understood, therefore, as applying especially to the acid 
pegmatites. 

Characters ov the Acid Pegmatites. 

A complete description of the aeid pegmatites is not in- 
tended here, but simply an enumeration of the chief features 
which any satisfactory theory of their origin must explain. 

ComiJositioH. — The acid pegmatites, like the corresponding 
normal. plutonic rocks, consist of anhydrous silicate species, 
and usually more orlessof free acid (quartz) and traces of free 
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bases (iron oxides, caeeiterite, etc.), apatite being, perhaps, 
the most conspicuous exception, although the complete list of 
the pegmatite minerals includes also titanite and various nio- 
bntes, tantaJatee. and tungstates. The great disparity as re- 
gards abundance makes possible a quite sharp distinction be- 
tween the so-called principal or essential, and the rarer or 
accessory, species. The essential species include quartz; the 
acid feldspars — orthoclase, oligocltise, albit«, and microcline 
— the last two being especially characteristic: and the more 
acid micas, including muscovite and lepidolite and, less char- 
acteristically, biotite. The accessory minerals are more nu- 
merous, iu some cases more distinctive, and especially remark- 
able for the large proportion of rare species or species that 
are rare or wholly wanting in other rocks. A single mica 
mine in New Hampshire (the Buggies mine in Grafton) is 
said to have afforded sixty-one minerals, and it is undoubt- 
edly true that the list of known silicate species is con^idera- 
lijy longer than it would be if these natural cabinets, or 
storehouiJes of fine minerals, had never been studied. 

The quartz of pegmatite, as of ordinary granite, is espec- 
ially characterized by numerous inclusions of water and car- 
bon dioxide. The proportion of carbon dioxide to water has 
been proved to be so high in some cases — for example, nearly 
1 to 1 in the quartz of theBranchville, Connecticut, pegmatite 
— as to indicate that the crystallization took place under 
enormous pressure.* 

Our observations abundantly confirm Williams' statement! 
that the most typical pegmatites are' intimately associated 
with, and pass gradualiyintu, bodies of pure quartz and ordi- 
nary quartz veins. But wo cannot agree with this writer in 
drawing across this undoubted gradation an arbitrary line 
of demarcation as regards origin. On the contrary, we feel 
that the true theory of pegmatite must recognize this obvious 
relationship to quartz veins, by making of the latter a possible 
end-product of the same great process of differentiation which 
yields the former. In other words, some quartz veins are on 
the same road that lead to pegmatite, but a little farther 
along, at the end of the road. On the west side of Narragan- 

*A. W. Wright, Americnii Journal StTJence, March, 1881. 
tUnited Stales Geological Survey. Fifteeutb Annual Report, pp. 678 
and 678. 
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sett bay, opposite Conanicut island, there is, in tlie plitfft 
kaown as the Bonnet and Packard rocks, a series of mica 
schists backed by normal granite and traversed by numerous 
very typical veins of pegmatite 5 to 60 feet wide. A mile to 
the CRBtward, on Dutch island; the veins in the schist are 
quartz with some feldspar, but no mica; while on the west 
shore of Conanieut island, so far ns observed, they are 
({uurtz alone. Van Hise has noted a similar gradation in 
the charactHf of the pegmatitp veins intersecting the schists 
which envelop the granite core or batholite of the Black Hills, 
the veins changing gradually from typical pegmatite near the 
granite to ordinary quartz, veins at a moderate distance. lOlh 
Annual Report, United Stiilen Geologicil Siirvcj/, Part I, p. 
688. 

Selatiuns of Comptmition to the Inclosing Bocks. — Broadly 
speaking, the pegmatites are independent of the wall rock in 
composition. In New Hampshire we have found pegmatites 
of strikingly uniform composition traversing in succession 
and without sensible change a whole series of granites,gneisses. 
and schists of the most diverse character. Brogger and 
Williams have specially noted this indifference of the pegma- 
tites to the character of the inclosing formations, 'I'he former* 
cites as examples the acid pegmatites of Hittero, which cut a 
very basic (labraflorite and anorthite) rfick. and those of 
Rudemyr cutting Silurian schists and limestones, and the lat- 
tert speaks of the acid pegmatites of Maryland as occurring 
in gabbro and peridotite and extending from gneiss into lime- 
stone without sensible change. 

The one important exception to this principle is found in 
the tact which lies at the foundation of the modern theory of 
pegmatite, viz., that in every pegmatite district there is one 
normal plutonic .rock of essentially similar but slightly less 
Hcid composition, with which the pegmatite is most intimately 
associated, into which it may i>ftenbe traced, and from which 
it has evidently been derived. That is, the pegmatites are 
contrasted with the inclosing formations in all cases except 
where they traverse the plutonic mass of which they are the 
niosthighly'differentiated phase or end-product. Brogger and 
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Witliame: lay much stress upon this fact and cite abundant 
illustratinns nf it, notingespecially that the pegmatite is more 
acid than the parent mass. Williums says of the pegmatite 
dikes of Maryland, "They agree essentially in chemical and 
mineral composition with the granite masses whose igneous 
origin is well established, although they are in the main some- 
what more acid tlian these, and their size and abundance are 
directly proportioned to their nearness to some eruptive gran- 
ite mass. At many localities they can be seen to decrease 
steadily bfith in number and size, as they recede from such a 
granitic boundary." The more acid character of pegmatite 
than of granite is seen in the fact that among the micas bio- 
tite largely predominates in granite, and is the exception in 
pegmatite. 

The parent plutflnics of the pegmatites which we have stud- 
ied in New Hampshire are the Concord granite, and the Mon- 
talban gneiss, the latter seeming to be merely a more gneissoid 
phase of the former. These two granitic types, it may be 
added, are readily proved by the field evidence to be the 
youngeet and most acidic of the entire granite series of the 
region, the fact pointing very plainly to a progressivt^cheraicul 
differentiation of a vast body of maguin during a long period, 
with, at the end, a marked lextiiral differentiation. In New 
Hampshire we have not found the pegmatite so abundant in 
the Concord granite or any plutonie formation as in the fibro- 
lite and other schicte, which are easily proved to antedate all 
these igneous rocks. This ifi due in part, probubly, to the 
fissile and flexible character of the schists, by virtue of which 
they offer an easier passage to intrusives than do the more 
massive formations; and in part, no doubt, to the relative 
readiness with which they are dissolved or melted away by 
the invading magma. It may be added that in the schists, as 
in the gneisses and granites, the amount of pegmatite is, in 
general, invtrsvly proportional to the distance from the Con- 
cord granite. 

It is a reasonable expectation that the absorption of great 
bodies of schist should affect the composition of the pegma- 
tite. In fact, Geikie says {Text-Huok of Geoloju/. p. 302) 
igneous rocks dissolve or eat away the inclosing formations, 
and in consequence vary considerably in composition from 
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plaep to place. The schists are poor in alkAlien, being com- 
poBed chiefly of tiiticB and alumina; and their absorption by 
the pegmatite magma would obviously tend to make the peg- 
matite richer in quartz and mUst'Ovite, as the following com- 
parison of the alkaline silicates shows, the formation of a pure 
aluminum silicate being impossible in the presence of alka- 
lies. 

Orthoclase. SiO^ , C*.7; Al^ O., . 18.4; alkulieB, 16.9. 
Muaeovite, 8i0^ , 46.3; Al.^ o'.^ , Xt.9; alkalien, 10.0. 

This is in harmony with our observation that the mica mines 
of New Hampshire, and so far as we are able to learn of other 
regions, are chiefly in the schist series, and we believe that in 
general the pegmatite is more micaceous in the schists than in 
the granite. It may be that we have here an explanation of 
grfisen — that rather anomalous aggregate of quarts and mica. 
I>>pidolite has been noted as a specially characteristic feature 
of pegmatite, and the fact that it also occurs in greisen is 
certainly su^estive of the genetic relationship of the two 
rocks. We also venture the suggestion that perhaps pegma- 
tite rich in tourmaline, and tourmaline or schorl rock (tour- 
maline and quartz) may be, explained in the same way, 
tourmaline representing u still greater deartli of alkalies — 2 
to 4 per cent. 

Although this close agreement in composition between peg- 
matite and its parent plutonics certainly holds for the princi- 
pal component. minerals, the two types seem to be contrasted 
us regards their rarer or accessory constituents, pegmatite 
being much richer in these than granite. G, vom Rath, in his 
account of the celebrated pegmatite veins of Elba,* says that 
the •'tourmaline, beryl, lithia, mica, etc., are foreign to normal 
granite," and that "these vfins, on account of their wealth in 
rare and peculiar minerals, which for the most part are wanting 
in the wall-rocks, necessitates the assumption of a special 
mode of formation quite dilferent to that assumed for the 
wall-rock." That the rare species are a more conspicuous 
feature of pegmatite than of granite is obvious, but that they 
are much more abundant when large volumes of rock are com- 
pared, has certainly not been proved, and is at least doubtful. 
s ItaJieu.villlJDZeitachr. 
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The same slow process which builds the giant crystals of 
spodumene, beryl, et«., must tend toguther the materials from 
a large volume of magran. In other words, although in the 
miraher and variety of the accessory minerals the pegmatite 
veins far exceed the known species of the normal granites, 
we have good reason for believing that in those rarer or acces- 
sory, as well as the more abitndant or principal minerals, the 
two types are essentially similar if not almost identical, or at 
least that bulk analyses would show a substantial agreement 
in chemical composition. Substances which are so sparingly 
and thinly diffused in the normal granites as to be almost in- 
appreciable are, if not actually concentrated in the pegmatite, 
developed in a more concrete and tangible form. 

Texture. (Cri/stalUenlioi).) — Undoubtedly the most dis- 
tinctive and striking feature of the pegmatites is the crystal- 
line structure, which is, in general, on a remarkably coarse or 
gigantic scale, and unparalleled among the sedimentary and 
normal igneous rocks. Well formed crystals of feldspar and 
mica, and even of such rare accessories as beryl and spodu- 
mene, from ft inches to a foot or more in diameter, are normal 
occurrences. In fact, as regards the size, perfection, beauty, 
and variety of the specimens which they afford, the pegma- 
tites are, more than all other rock formations taken together, 
the great repositories of crystallized silicates, as every good 
mineral cabinet teetiltes: and it is thus easy to understand 
why the pegmatite veins are objects of the highest interest io 
students of mineralogy. An examination of the mineral lo- 
calities of New England and Canada, not to take a broader 
view, would undoubtedly show that a very large majority of 
the most interesting occurrences are in acid or basic pegma- 
tites. 

The maximum crystallization is indicated by the great 
beryls from a foot t* a yard in diameter in the mica mines of 
New Hampshire, the largest known example of which is in the 
Museum of the Boston Society of Natural History, and the 
gigantic spoduraenes from JO to over 30 feet in length, and 
from a foot to a yard in diameter, in the tin mines of the 
Black Hills. In tlie pegmatite's of New Hampshire we have 
frequently observed feldspars ten feet or more in length, and 
one crystal in the American mine in Groton measured fully 
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20 feet; while Brogger mentions* feld§par individuale more 
than 10 meters (nearly 33 feet) in length. It is, of course, by 
virtue of the large scale on which the cryBtttllization has ta- 
ken place that the pegmatite veins are not quarried for gran- 
ite, but rather to obtain mica, feldspar, and quartz for cnm- 
mercial purpofee, these and many rarer species for mineral 
cabinets, and tourmaline and other gems. 

Briiggerf also points out that coarseness of crystallization 
alone does not "condition the pegmatitic nature of the veins, 
nor is even necessarily present in order to justify the appela- 
tion pegmatitic. It is the habitue as a whole which deter- 
mines this." Nevertheless, this giant granite texture is very 
constant, and clearly, as already stated, the most distinctive 
and essential character of pegmatite. One fact to be specially 
noted is that the coarseness of texture or scale of crystalliza- 
tion is not proportional to the size of the masses, for dikes 
and bosses hundreds of feet wide may be finer grained than 
those 5 to 20 feet wide. Thus the great boss of pegmatite 
forming Mt, Tug, in Orange, 500 feet wide and 1,500 feet 
long, is relatively fine-grained, while, marking the other ex- 
treme, we recall a vein in Groton less than 2 feet wide con- 
taining stout crystals of feldspar 20 inches broad. 

Next in order stands the irregularity of both the mineral 
composition and texture. The normal phitonics are remark- 
ably even grained and uniform mixtures of the component 
minerals; but in the pegmatites the principle of segregation 
has evidently had almost unrestricted play, and irregularity 
is the rule. It is difficult to do justice to this somewhat in- 
definite character in words; but every one who has observed 
pegmatites in the field will fully appreciate it. As noted by 
Brogger.J the liner grained portions of the pegmatite often 
become eugranitic and indistinguishable from the parentplu- 
tonic. 

The order of crystallization of the various minerals in peg- 
matite is the same as for the normal plutonios — tourmaline 
(and other basic species), biotite, muscovite, basic feldspar, 
acid feldspar, and quarts; — and equally constant (Fig. 1, PI. 
VII). Pegmatite agrees with the normal plutonlcs, also, in the 

*CaDadian Record of Science, 0, C7. 

tlbid., 69 and 70. 

^Canadian Kecord of Science, 6, 61. 
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approximately idiomorphic character of the earlier cryetaliiza- 
tions, the quartz being always alJotriomorphic. In the vuge 
and pockets of the pegmatite veins, however, the order of 
cryfitaltization is reversed, except for tourinaline and other 
ultra-basic species, and the quartz is idiomorphic. This re- 
verse order is well shown in the abundant assiwiation of albite 
and muscovite in the pockets of the pegmatite veins of Gro- 
tnn, Orange, Grafton, and other towns. The albite occurs as 
distinct tabular crystals (clevelandite) projecting into the 
cavity: and implanted on the albites are the muscovites. 
Notwithstanding the lateness of the crystallization, the quartz 
not unfrequeutly forms immense vitreous misses (Fig. 2, PI. 
VII), and these often paas into veins of quartz, or quartz and 
accessory feldspar, intersecting the normal pegmatite as well 
as the country rock {Fig. 3, PI. VIII), thus testifying clearly 
to the extremely acid character of the magma residuum. 

Rosenbusch has sagaciously corr'elated the pockets and 
druses with the miarolitic structure of the normal plutonics 
— a feature of like significance, but developed, like the crys- 
tallization, on a grand scale. Evidence ()f contemporaneous 
crystallization is abundant in all the larger masses, the crys- 
tallization of the later species having begun before that of the 
earlier ceased. It is sufficient to merely mention the unique 
example of this which we have in graphic granit*. A ten- 
dency to this regular intergrowth of quartz and feldspar is 
frequently manifestt-d; but it rather rarely attains t<i its 
ideal development. The perthitic intergrowth of the feldspars 
has, apparently, a like significance. When the earlier crys- 
tallizations assume slender, prismatic forms, as is notably the 
case with tourmaline, the subsequent hardening and crystal- 
lization of the silica (quartz) involves not only the inclosure, 
but also the distortion and breaking of the guest crystals. 

Sfructiire. — It is among the, varied structural phases of peg- 
matite that aqueous and igneous characters — the features of 
veins and the features of dikes — are most perfectly blended. 
The pegmatite masses, like true dikes, are frequently fine- 
grained next the wall, becoming rapidly coarser toward the 
center. Where the inclosing formation is the parent plutonic, 
the fine-grained portion, as previously noted, sometimes be- 
comes eugranitic and grades into the wall-rock without any 
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line of demarcation. This contact zone of the pegmatite 
masses is, perhaps, the most usual phase of the banded struc- 
ture to which the advocates of the aqueous theory attach so 
much importance. Brilgger says,* "The zonal structure, when 
any such is present, which, however, is generally not the case, 
usually makes itself evident only in a flner-grained condition 
of the vein boundaries, and sometimes (especially in the case 
of granitic pegmatite veins) in a zone with graphic structure 
next the fine-grained eugranitic marginal zone, upon which 
there frequently follows {esfiecially in acid granitic pegma- 
tite veins) in the middle of the vein a tremendous eize of 
grain, here often with special enri<'hment in rarer minerals 
and also (particularly in acid veins) not seldom with open or 
distinctly drusy cavities filled with peculiar mineral deposits." 
All this accords with our observations; but, besides this 
pseu do -banding, there is a true vein-banding closely akin to 
that of undoubted aqueous formations. This, however, is of 
rather rare occurrence; and, according to our observations, 
mostly confined to the narrow, linear, crack-filling veins, such 
as abound in the Concord granite. We are unable to agree 
with Brogger that this banding is always distinct from that 
of true veins, '-inasmuch as the outer zones pass continuously 
into the inner." We will only cite a single instance; but this 
appears to be typical. In the Museum of the Boston Society 
of Natural History is a complete cross- sect ion specimen from 
a well-defined linear vein of pegmatite in Chesterfield, Mass. 
The width of the vein is six to seven inches: and it is made 
up of two sharply defined and symmetrical bands or layers of 
albite (clevelundite), with the tabular crystals set edgewise 
to the walls, and a median band of smoky quartz: while 
springing directly from either wall and penetrating both the 
aibite and quartz are numerous slender prisms of green and 
red tourmaline. The order of crystallization is clearly marked; 
and it is very obvious that in this instance the suceessive pe- 
riods or generations did not overlap. The minerals were de- 
posited strictly in succession, although for that matter a 
certain amount of contemporaneous deposition is common 
enough in true veins. 

The disposition of the tourmalines noted above is highly 
characteristic ; and may be observed in many massive or un- 

*CanadiBD Record ol Science, 6, 66. 
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banded veins; (showing that this comb-structuro and a dis- 
tinct banding are not necessarily correlative, although they 
are undoubtedly of like signiflcaniie, testifying with equal 
dii^tinctness tn successive crystallization. The comb structure 
is tilso nbservablt^ in the disposition of other prismatic min- 
erals and of such tabular species as mica and albite, which 
are almost invariably set edgewise or perpendicular to the 
walls in veins of regular form and structure. 

Although occurring but sparingly, vugs or pockets and 
dru^^es are to be regarded as highly characteristic and signifi- 
cant Btructnra! features of pegmatite — int-eresting and en- 
tirely normal possibilities of the pegmatite process. In the 
New Hampshire pegmatites we have found them almost ex- 
clusively in the larger veins and musses; and some of these 
are of large dimensions, as may be inferred.from the fact that 
a pocket in the Palermo mine, in Groton, has afforded a well- 
formed crystal of quartz about a yard in diameter, These 
great pockets are wholly irregular in form, and seem to have 
no delinitb position in the vein, except that they are never pe- 
ripheral. In other districts, pockets in narrow and distinctly 
linear veins have been observed. These are flatly lenticular 
in form and, except mineralogically, in no wise distinguish- 
able from the pockets of ordinary mineral veins. 

Inclosed fragments of the wall-rock are an exceedingly 
common and characteristic feature of pegmatite; and the in- 
clusions are, almost without exception, us so commonly in 
the normal plutonic rocks, in perfect agreement in position 
and orientation of the lamination or other structural features 
with the adjacent wall-rock. This peculiarity of the inclu- 
sions, although not absolutely incompatible with tho aqueous 
theory of pegmatite, certainly accords best with the plutonic 
igneous theory. In two instances only have we observed in- 
clusions that appeared to be foreign to the immediately adja- 
irent part of the wall; viz., in small veins near the Palermo 
mica mine of North Groton and in the southern part of Graf- 
ton. In botli cases the foreign inclusions are of the dark 
hornblendic Bethlehem gneiss, while the wall-rock is flbrolite 
schist in the first instance and the coarse porphyritic granite 
in the second. 
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In man; cases the inclusions, especially of schist, have an 
exceedingly frayed-oiit and skeleton-like appearance, suggest- 
ing a ditferential solvent action and shredding rather than 
mere mechanical breaking or cracking. The wall itself is 
often similarly affected, as well as more or less distinctly im- 
pregnated with tourmaline and other minerals of the first 
crystallization. This is perhaps the most significant of all 
the contact phenomena coming under our notice. 

We have not observed any clear examples of the centric or 
spheroidal structure described by L. von Buch and others, and 
so strongly insisted upon by Briigger ; nor has the rare fluidal 
structure cited by Brilgger* corae under our notice. But 
we have noted one fact which very plainly suggests motion 
in the mass during the crystallization of the pegmatite. In 
a small vein in the Winnepesaukee gneiss north of Honey 
Brook, in Acworth, the tourmalines, wh.ich extend about two- 
thirds of the way across the fissure, are for a distance of 
many feet tilted uniformly from the perpendicular to the wall 
about thirty degrees. This tilting is renl and cannot be ex- 
plained by any irregularity of the walls. 

External forms and formi'l relntioim to iiiclosftip rocks. — 
With pegmatite, as with |)retty much all subterranean forma- 
tions, form is less distinctive and significant than structure 
or composition; and the morphologic iirgument is rather 
evenly divided between the rival theories — aqueous and igne- 
ous. In general, the occurrences are dike-like in form; but 
they may with equal propriety be described as vein-like. 

No doubt the spaces or cavities occupied by the pegmatites 
are chiefly mechanical in origin — spaces <if discission; and 
they must, therefore, be conditioned by the structure of the 
inclosing rocks and the nature of the disrupting force. ThCs 
more regular masses may be described as rectangular (Figure 
4), wall-like (vertical Bhects), lenticular (Fig. 6, PI. VIII), or 
tabular (horizontal sheets) ; but a very large proportion of the 
occurrences are too irregular to come under either of these 
terms (Fig. 6, PI, IX). They very commonly conform closely 
with the structure planes of the schistose rocks (interbedded 
veins) ; but they also intersect the bedding planes or lamina- 
tion at all angles; and may in general be assumed to follow 
lines of least resistance to the disrupting force. 

'Canadian Record of Science, C, 64 and CO. 
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We were eurpriaed to And that the cavities occupied by the 
pegmatite are, on the whole, more craek-like (parallel sides, 
definit* angles, and general linear charaeter) and more plainly 
suggest a mechanical or disrupting force in the massive rocks 
than in the bedded and schistose rocks; and for many of the 
pegmatite masses in the schists the mechanical explanation is 
entirely inadmissible, the pegmatite having evidently made 
room for itself by dissolving and absorbing considerable vol- 
umes of schist — spaces of dissolution. W"e have a magnificent 
example in the great body of pegmatite at Ruggles Mica mine, 
in Grafton. It has great breadth in the vertical schists, and 
the schists, without change of dip,completely cover the pegma- 
tite, the bedding planes ending downwards sqnarety against 
the approximately flat upi>er surface of the great boss of stock 
of pegmatite {Figure 7). Kvidently, no theory of pegmatite 
can be regarded as adequate which fails to take account of 
both of these diverse causes of the cavities — rifting and eolu- 
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Fio. 7-Vortical Swtion of Pcismatito and OverljiDg ScLi=t, Buwti™ Miue. 
(irafton, N. H. 

tion*. Still a third cnuse must be invoked wliere the pegma- 
tite ia inclosed in, and hiends with, the parent plutonic rock. 

Although, as indicated, oertiiin more or less detiiiite termii 
mtty be applied to the pegmatite inasse!i, the great majority 
are decidedly ii-regular and indefinite in form. In every in- 
stance the pegmatite is clearly younger than the foliation of 
the inclosing rocks. The masses vary in size from alnioBt 
microscopic veinlets, which, aa Williams| has pointed out, 
showa high degree of liquidity in the original magma, up to 
bosaea or dikes 500 feet or more, in width. So far as we have 
observed, the largest masses show a tendency to the rectangu- 
lar type. These include Mt. Tug, Orange, 500 X 1,500 feet: 
Osgood's Ledge, Aeworth, 175 X 700 feet; Palermo mine, 
Groton, 200 X 500 feet. 

Some of the rectangular forma are probably blunt lenses. 
The lenticular form is alao very typically developed in some 
of the larger masses, such as the great veins on Crystal moun - 
tain, Lempster, 80 X 800 feet, and Trow'a hill, Sunapee, 50 X 
400 feet. We have already noted that the pegmatite dikes 
become smaller and fewer away from the parent mass of gran- 
ite. The minor lenticular veins, isolated lenses or eyes, 
conforming with the foliation of the schists, present an inter- 
esting problem as to the source and mode of introduction of 
the component minerals (Fig. 8, PI. ix). 

•According to the observatiima at DelesBc, volcanic rcicks, wlien re- 
duced to a molten condition, attack brlakly the sides of the Hessian 
crucibles in which they are contained and evi^a eat through them. 

tU. S. Geol. Survey, .\nnual Report, 15, G81. 



,y Google 



162 The American Geologist, Uarch, kb: 

Aqueous Theories. 

All Bubterranean aqueous deposits may b^ referred to three 
classes: veins, impregnations, and siibstitutinn deposits.* 
Tlie second and third classes may i>afely be set aside at once 
as incapable of throwing any light upon tho origin of pegma- 
tite: unless, indeed, the solution and absorption of a body of 
schist by molten magma be regarded as a mode of substitu- 
tion. It is sufficient for our present purpose to recognize the 
two main types of veins: (1) endogenous veins formed chiefly 
by ascending solutions in Assures or cavities; (2) exogenous 
veins, formed chieUy by liit«ral sfcretion in rocks devoid of 
sensible Assures or cavities. The characters of the endogen- 
ous or fissure veins are well known, the most sigiiiflcant per- 
haps, being the banding or crust) tic :iti on, eomb-etructure and 
pockets. The exogenous or segregation veins are especially 
characterized by their homogeneity of composition and struc' 
ture and the absence of pockets. 

The view that pegmatite masses are, in origin, akin to 
mineral veins, originally proposed by Saussure, has in recent 
years been most positively asserted and strongly defended by 
T. Sterry Hunt. He held| that the pegmatites have been 
formed by the successive deposition of mineral matter from 
solution, usually in open fissures; and in the development of 
the crenitic hypothesisj he states that "the gneisses and 
bedded granites are to granitic veins (pegmatite) what beds 
of chemically deposited limestone and travertine are to calca- 
reous veins." 

In reviewing the characters of pegmatite, a goodly portion 
are found to be common to one or the other of the two types of 
veins noted above; and to admit of explanation, therefore, by 
the purely aqueous theories. Among these are the following: 
(1) rare minerals; (2) coarse crystallization; (3) banding 
and comb-structure, with tourmalines, etc., normal to the 
walls; (4) inclusions of water in quartz, etc.; (6) pockets 
and druses. On the other hand, vein formation does not sat- 
isfactorily explain : ( 1 ) the order of crystallization, except in 
pockets; (2) completely idiomorphie crystals; (3) the graph- 

•TecbDolotty Quarterly. 7, 27-48. 

tNotes on Granitic Ewks. Amer. Jour. Sci., III. 2, 89. 

JMineral Physiology and Physiography, 1886, 133. 
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ic RtruRture; (4) the fliier cry^tallizatinn next the walls, ut 
least this is more Buggestiveof igaeoiis contacts; (5) broken 
tourmalines, etc.; (6) incHned tourmalines; (7) inclusions of 
carbon dioxide; (8) immense size of many of the veins; (9) 
evidence of solution of the walls; (10) orientfttion of inclu- 
sions. The characters of the first list point unequivocally to 
the intervention of water in the formation of pegmatite: 
while those of the second list demand with equal distinctness 
important modiflcation of the aqueous process. 
laNEors Tbeokies. 

One of the earliest, and at the same time one of the clear- 
est and most satisfactory, statements of the igneous theory of 
pegmatite is that by Charpentier ( 1823). He held that the 
pegmatites are '-injections oF granitic material, which, origi- 
nating in the still tluid granite, deep down, was pressed into 
the cracks of the already solidified granite above — afterbirths, 
as it were, of the same granitic formation in the district of 
which they occur," 

This idea was accepted by De la Beehe, Bronn, Fournet, 
Durocher, and Angelot ; and Naumaiin* regarded it as the 
most probable theory. 

Brijgger quotes Charpentier's view approvingly ; and his 
own paper, one of the most notable of the later contributions 
to the literatureof pegmatite, is essentially a defense and far- 
ther development of this early igneous theory. He reviews 
critically the views of other writers, and argues strongly in 
favor of magmntic solidifleation. holding that itatfords satis- 
factory explanations of the chief facts of composition, text- 
ure, structure, and relations to the inclosing formations. 

That water plays a more or less essential part in the form- 
ation of igneous magmas, at least those of acid character, is 
now so generally conceded that it would be idle to advance 
arguments against the view that pegmatite is the product of 
dry fusion. In fact it would probably be ditUcult to prove 
that any of the so-called igneous rocks, have resulted from 
strictly anhydrous processes. The real question is, then, can 
acid pegmatites be regarded as the direct product of such a 
slightly aqueo-igneous fusion or magma as yields the normal 
granites? It appears to the writers that a sufficient answer 

•Lehrbuch der OeoKnoeie, 2d Ed., 2, 232 (1858). 
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to thie question is to be found in the characters of granite — 
a fine and even-grained rock of remarkably uniform composi- 
tion and devoid of pockets. This absolute lack of agreement 
in the fundamental characters seems tii renderamoredetailed 
comparison superfluous. It is thus obvious that the igneous 
theory also, although accounting satisfactorily for the order 
of crystallization in pegmatite, broken crystals of tourmaline 
and beryl, parallel orientation of inclusions, etc., requires 
important modi Beat! oil, and especially a larger intervention 
of water ; for it does not appear that the variation of any other 
factor, such as pressure or temperature, would meet the ne- 
cessities of the case. 

Briigger, however, among recent writers, seeras disposed to 
minimize the influence of water; and in ths dilFerentiation of 
pegmatite from normal granite to allow it prac-tically no part 
whatever. He says* "the principal rpquirumentfor the solid- 
itication of deep-seated magmas to holocrystalline plutunic 
rocks, seems, therefore, to consist In a sufficiently slow cool- 
ing of the water-bearing magma, under a pressure of super- 
imposed matter great enough to prevent the water separated 
out by crystallization from freely escaping to the surface, and 
compelling it by a pressure exerted from above to pass into 
the wall-rock (contact metamorphism)." Although so clearly 
recognizing the presenceof water, and using it to account for 
certain contact phenornena, he does not, apparently, regard it 
as in any way essential to magmatic dilferentiation, either 
chemical or textural, but treats the magma, virtually, as if it 
were anhydrous throughout its entire history; and yet he 
repeatedly invokes the aid of certain "agents mineralisnteurs," 
whicl) are nowhere more explicitly designated or described. 
His non-utilization of the water in the magma obliges him to 
refer the gigantic crystallization and irregular composition so 
characteristic of pegmatite wholly to the slowness with which 
it has cooled and solidified. He saysf "both when they (the 
pegmatites) occur in the main mass of the allied eruptive rock 
(parent plutonic), and when they occur in the neighborhood 
— and one of the two is always the case — we may assume that 

the rock surrounding the vein-stone (pegmatite) was first 
______ 

tL. c, 67. 
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beatedto a high temperature and that, therefore, the tiuoling 
must have taken place unusually slowly and uniformly; and 
upon this fact primarily the largeness of the grains may be 
explained." 

This explanation of these extremely important characters, 
which no theory of pegmntit* can ignore, appears to us singu- 
larly inadequate, in view of the following considerations: 
(1) The surrounding rocks must always be cooler than the 
great body of granitic magma by which they are heated. (2) 
Theeoareest pegmatite is often in narrow dikes thousands of 
feetif not miles distant from the border of the plutonic mass 
in which it originated. (3) If, as Rrogger insists and we be- 
lieve, pagmatite ifi the ead-product nr final crystallizution of 
theoriginal granite m^igma, we are. to paraphrase his criti- 
cism of Lehmann, (p. 43) led to the remarkable result that n 
body of magma solidifying as the result of cooling has a 
higher temperature and therefore crystnllizes more slowly and 
coarsely in the later than in the earlier stages of the process. 
(4) Briigger holds that the most typical pegmatite may be, 
and in special instances cited by him must have been, formed 
at very moderate depths below the earth's surface — a few 
hundred feet to two or three thousand feet. How, under these 
conditions, the vast body of granite magma at greater depths 
and cooling far more slowly escaped conversion into pegmatite 
is a mystery which he nowhere offers to explain. 

But he goes on to say* "Thatthis explanation of the coarse 
grain and of the imperfect zonal structure of many peg- 
matite veins is correct, is rendered probable in the highest 
degree by the frequent occurrence of pegmatite structure in 
those portions of rook bordering on the open drusy cavities 
of many massive granites. I interpret these as analogous tt) 
the formation of the pegmatite veins themselves, in the fol- 
lowing way: First, on aqcount of the contraction due to 
crystallization of the rock already for the most part solid- 
ified, there were formed crystal-free Irimina (microlitic struc- 
ture on a large scale): the mixture of magma and crystals so 
formed, which must have constituted a somewhat solid rock, 
inclosing the lumina, was, however, completely permeated by 
the magma, and with this these crystal-free spaces would nat- 
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urally have been Blled. By continiiul cooling, this magma, 
beginning atjhe walls, also crystallized out slowly and unin- 
terruptedly, often mixed with minerals which had been formed 
by special 'agents mineralisateurs' ; the conditions of such 
crystallization, proceeding from the walls of the lamina in- 
wards, must have been somewhat different from those of the 
former crystallization, which took place within the mass of the 
whole solidifying rock-matter, where the separate individuals 
must have crowded upon one another, etc. ; hence the ever in- 
creasing size of grain, the zonal structure (conditioned by the 
crystallisation from the walls inward), etc. If the ma^matic 
silicate solution were not concentrated to puch an extent that 
the lumiiia were completely filled by its crystallization, first, 
open drusy cavities must have resulted, which finally through 
continued circulation might be filled in with minerals dcpos- 
it«d from solutions at first still hot but later less and less hot. 
The filling up of the drusy cavities corresp^mds according to 
this interpretation pretty exactly to the complete vein forma- 
tion of the pegmatite veins which occur outside the normal- 
grained rock mass; the explanation throws light in both cases 
upon the continuous transition from the rock formed purely 
by magmatic solidification to the final minerals of the druses 
deposited from solutions not exactly magmatic (less concen- 
trated)." 

This statement certainly leaves much to be desired in the 
way of clearness, and we confess ourselves unable to gather 
from it with certainty the author's meaning. Considered 
simply as a suggestion or outline of the mode of formation of 
pockets, we should not care to criticise it. The references to 
more and less concentrated magmatic silicate solutions suggest 
the possible intervention or agency of wat«r; but in view of 
the facts that this is not explicitly stated and that anhydrous 
magmas are now generally regarded as true solutions, the idea 
of minimizing the aqueous influence is obvious. Whether 
Brogger should really be classed with the advocates of the ig- 
neous or the aqueo-igneous theory of pegmatite is, therefore, 
doubtful : and it has seemed best to us not to hazard a guess 
as to the possible hidden meaning of his language. 
Aqueo-ioneods Theory. 

Although the igneous theory, even in its more modern forms, 
so obviously fails as a complete explanation of pegmatite, yet 
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it ia distinctly along this line, from Charpentier's view as a 
starting point, that we have advanced to the conception of a 
more perfect cooperation of heat and water. Referring to 
Williams' summary* of pegmatite theories, we learn that Elie 
de Beaumont in his famous essay "Siir les emanations volca- 
niques et metal li feres,"! ''^'il^ accepting in the main the igne- 
ous and intrusive origin of pegmatites, introduced an impor- 
tant addition in assuming water and other mineralizing agents 
as necessary factors in their formation. Scheerer,* in a (con- 
temporary paper, attributed a still more important role to wat- 
er in the formation of pegmatites, holding what Hiintg has 
designated us the theory of "granitic juice," a highly heated 
aqueous solution of mineral subfltanees impregnating the con- 
gealing mass and oozing out under pressure into tlie surround- 
ing rocks. Lehmann,!! in his targe and excellent work upon 
"The Granulite District of Saxony," as quoted by Brogger, 
endeavors to account for the pegmatite veins of that region. 
He assumes the aqueoignenus (liydatopyrogene) formalinii of 
granite, and pronounces the veins in a sense to be injpction 
veins. "The granitic veins of the granulite district have or- 
iginated, no doubt, with the aid of more or less water, but 
this has not been atmospheric water which has percolated 
downward through the cracks of the granite, but it is erupt- 
ive water, which was given up from the granite tv the sur- 
rounding rocks, and which, under peculiarcnnditionn obtain- 
ing at great depths, was supersaturated with mineral matter." 
Lehmann assumes for the granitic magma a gelatinous consis- 
tency, which was to be accounted for, presumably, by the pre- 
sence of "viscous silicic acid." "These fluid secretions of gran- 
ite may be compared to hot jelly." • « • • "The capacity of 
silica to form jellies with much or little water invites strongly 
to this hypothesis." "Between such a gelatinous magma and 
a saturated aqueous solution a large number of consecutive 
intermediate stages can be imagined. In this way, it seems 
to me, the connection between the pegmatitic veins and the 
ordinary granites, the remarkable segregations in the shape 

•U. S. Geol. Survey, .Annual Report, 15, 676. 
tBull. Soc. Gfol. Fr. (II). 4, 12 (1847). 
iBull. Soc. G6oL Fr. (11); i. 468. 
gChem. and Geol. Essays, 189(17751. 
; Granulitgebirge, 52-58. 
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of pegmatitic veiiie opening out into drusefi, and lint^liy the 
connection of these with vein-flllinge which conuist only of 
qaartz, tourmaline and potash mica, or of quartz alone, can 
be explained, etc." Lehmann still farther emphasizes the rote 
which water plays in the magma in holding that a high tem- 
perature is unneceflsary to it« formation and evolution. The 
increasing agency of water brings ue next to Reyer,* who re- 
garded the pegmatites as exoretiona of the solidifying magma, 
representing the last stage of solidification where water whs 
largely active, while Keilhau, Hausmann, and Daubree re- 
garded the pegmatites as mainly aqueous deposits, but genet- 
ically connected with granitic intrusions. 

Notwithstanding his belief in the igneous origin of peg- 
matites in generaJ, BrJigger accepts the aqueo-igneuus theory 
for a not insignificant proportion of them. He saysf the peg- 
matites, although chiefly magmatieally soliditied veins, pass 
into the crack-fillings which succeed them in point of time 
and which are not in the main, or are not at all, deposited 
from true raagmatic solutions. To this he adds in a foot- 
note, "Many large-grained veins of a pegmatitie structure 
have been formed principally by pneumatolitic (aqueo-igne- 
ous) processes, and not mainly by niugmatic solidification," 
citing as examples the apatite-bearing basic veins and many 
occurrences of cassiterite, tourmaline, topaz, etc. Also that 
the muscovite granite pegmatite veins, containing especially 
beryl, topaz, etc,, and having as principal minerals microcline, 
oligoclase, albite, quartz, muscovite, ure, in comparison with 
the ordinary granite pegmatite veins with which they fre- 
quently occur, of somewhat later formation, a plightly differ- 
ent magma, and to a larger extentof pneumatolitic formation. 

This review of opinion shows that while several previous 
writers have recognized the important and necessary agency 
of water in the formation of pegmatite, varying between heat 
as the chief agent with water cooperating (igneous processes), 
and water as the chief agent with heat cooperating (aqueous 
processes), Lehmann alone has given us a complete statement 
of the aqueo-igneous theory, or recognized the essential con- 
tinuity of the igneous and aqueous processes and the conse- 
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quent complete blending of fusion and solution, and their 
products — tlie igneous und aqueous roclcs. Tlie present paper 
may be regarded, therefore, us based upon Lehmann's work — 
a restatement of liis views, with more- complete elnboration 
and illustrAtion in certain directions. 

All lavas appear to be more or less hydrated Ht the time of 
their extrusion : and. however much opinions may differ con- 
cerning the source of the water and its originul relations to 
the magma, it is generally conceded that at the moment of 
eruption they are very intimately united, and that the former 
increases the liquidity and the eruptive energy of the latter. 
Water is very thoroughly difTuned through the earth's crust: 
and it has probably penetrated to so great a deptli as to war- 
rant the conclusion that all the so-called igneous rocks now 
exposed to our observation nre in some degree the products of 
aqueo-igneous fusion. It is unnecessary. however.to insist upon 
this broad generalization, for, although it may he questioned 
for some of the plutonic rocks, it is very generally conceded 
to be true for those with which we now have to do— the acid 
phitonicB or the granites. 

The order of crystallization of the component minerals, and 
the fact that the quartz, which has been in every instance the 
last mineral to crystallize, is usually crowded with aqueous 
inclusions, leave no room to doubt that water was present and 
played an important part in the formation of granite. It is 
<|uite unnecessary to raise here the question as to whether or 
not the granites are metamorphosed sediments; for those who 
would answer in the negative must, apparently, concede that 
there is a hydrated zone of the primitive igneous crust be- 
neath the oldest sediments. In fact, the hydration of the 
original or still unstratitied igneous crust to a great depth 
below the oldest sedimentary rocks appears to the writers a 
peculiarly safe assumption, for we have to do here with a 
portion of the primitive crust which formed the immediate 
floor of the primitive ocean. 

Assuming, then, without farther argument, that the gran- 
ites have been formed in the presence of water, it may be 
noted that the number, minuteness, and universal presence of 
the liquid inclusii)ns indicate that, as in modern lavas, the 
water was very intimately combined with the granite magma. 
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Ab the magiDH coolx, the various minerals develop and crys- 
tallize out in the general order of tlieir basicity, each, in turn, 
excluding, so far hs possible, the still unindividualized niagmu 
and water, just as any crystals formed in a solution exclude 
the solvent. The magma thus becomes steadily more and 
more iicid and hydrated: and when, Hniilly, the free silicu 
alone remains unsolidified. It is probably oombined with suf- 
ficient water to hold It temporarily in the gelatinous state. 
As this gelatinous silica slowly and spontaiieoiisly dehydrates 
and crystallizes it necessarily imprisons the main partat least - 
of the water, which, like a true solvent, is the only part of 
the magma that remains permanently unsolidified. 

Conceive, now, that a large boss or massif of molten gran- 
ite has invaded the crystallini.' schists ut a great depth and is 
undergoing extremely slow refrigeration. Crystallization be- 
gins on the surface of the mass and gradually extends inward. 
The rate of cooling diminishes as the crust thickens, but the 
highly viscous nature of the cooling magma prevents the for- 
mation of large crystals. Finally, however, as the outer shell 
of the boss becomes gradually thicker, the rate of cooling and 
crystallization are sufficiently reduced to enable the quartz, 
us it slowly htirdenn, to exclude a portion of its inclosed water, 
forcing it inward into the still liquid magma; which is thus 
rendered more liquid, but not sensibly so atfirst. for the slow- 
ness of the process permits the ditfusion of the excluded 
water through a large volume of uneonaolidated magma. The 
extremely gradual nature of the changes is an essential fea- 
ture of the explanation. The feldspar and mica probably 
crystallize in part at least, far in advance of the quartz, 
forming a reticulated or sponge-like zone, through the meshes 
of which the silica gradually expels a portion of its water. 
This process is, perhaps, favored by the tendency, through 
contraction, to reduce the pressure in the interior of the mass. 
The miigm:i thus becomes, although its temperature is slowly 
falling, more and more liquid, passing gradually from the con- 
dition of aquco-igneous fusion to that of igneo-aqueoua solu- 
tion ; and the greater mobility of the latter state permits the 
formation of larger crystals. We may thus conceive a perfect 
blending of the conditions favoring the formation of normal 
granite in the exterior portion of the mass with those favor- 
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ing the formation of giant grantt«or pegroatitein the centrul 
portion. 

Cooling, cryetalltziition and dt-bytlration are processes in- 
volving contraction, and tlius, aa in a eeptarJan concretion, 
there is a munifest tendency. to form vacant spaces or cracks 
in the interior of the boss, in which the highly hydrated and 
liquid residuum of the magma collects HndslowJycrystallizes.. 
If these crncks extend tlirough the hard crust of the boss into 
the surrounding or overlying schists, or if fiasuree due to ex- 
traneous causes penetrate the boss, they will become the seats 
of sharply outlined and typical veins of pegmatite. 

The gradual character of every phase in the refrigeration 
and sdlidiScation of the boss makes it absolutely necessary to 
suppose that ther.' rami hs somewhfire a perfect gradntion 
from the normal granite to the coarsest pegmatite. As previ- 
ously stated, this gradation may hv observed to some extent 
in the natural ledges; but we may fairly suppose that, while 
the cooling of the boss would be partly lateral, it would take 
place mainly downwards; and since distinct veins of pegma- 
tite represent an actual extravasation of the aqueo-igneous 
magma, it is apparent that the gradation in question should 
l>e sought mainly in depth. It appears to us probable that 
some of the coarser plutonic rocks, like the syenite of Marble- 
head, Mass., in a portion of which the crystals of feldspar arc 
from four to six inches in len;:;th, should be regarded as in- 
termediate between tho^u of the more normal texture and peg- 
matite. 

It is, perhaps, not impossible that a portion of the water re- 
quired for the more perfect hydration and liquefaction of the 
residuum of the magma may be derived from extraneous 
sources. The boss is a great body of magma which has been 
forced up to, or developed in, a position of the earth's crust 
far above its normal level. It brings the deep-seated temper- 
ature and other conditions up into the region of comparatively 
active aqueous circulation; and it may be that shrinkage 
cracks or faults, if not interstitial percolation in accordance 
with Daubree's law, would admit meteoric or relatively super- 
ficial waters to a participation in the differentiation of the 
magma. 

There appears to be an opportunity presented, also, to apply 
Soret's principle, upon which Iddings so largely relies, in his 
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valuable es9a; on the origin of igneous rock^*, hb u cause of 
tile differentiation of purely igneous magmas. Soret demonBtrn- 
ted that if two parts of a solution of any salt be kept at dif- 
ferent temperatures there will be a concentration of tlie salt 
in the cooler part of the solution. Iddinga holds that in any 
molten magma certain oxides play the role of solvents for the 
others. Bnt if Soret's principle admits of application to an 
anhydrous magma, much more should it be applicable to a 
magma in a state of aqueo-igneous fusion. In the granite 
boss the cooler part is the exterior, and toward the exterior, 
therefore, the dissolved bases will be concentrated, leaving in 
the interior a more highly hydrated portion, which will be in 
a state of igneo-aqueous fusion, and from which may be dev- 
eloped the coarse crystulli/ation, comb-striiLiture, and pockets 
of typical pegmatite. This principle probably cooperates 
with and is, perhaps, intrinsically more important than that 
of the exclusion of wat«r by oryetallization. The main point 
of this paper is the explanation of the pegmatites through a 
differentiation of acid magmafi in which water playa an im- 
portant part, the ditfereiitiation involving for the magma re- 
siduum a transition from aqueo-igneous futtion to igneo-aque- 
ous solution. The possible intervention of extraneous water 
has been suggested, but this is not deemed essential. 

The increase in the degree of hydration oE a small part of 
the magma, through the exclusion of wat«r during solidiflca- 
.tion by the remainder, is substantially the explanation which 
Iddings otters for the phenomena presented by spherntites and 
lithophysie. A moderate increase in the proportion of water 
about centers, the proximity of which will be determined by 
the viscosity of the magma and the rate of cooling and soHd- 
iAcation, gives the unsolidified residuum sufficient liquidity 
to permit the incipient r:idial crystallization of the spherulite ; 
while a higher degree of local hydration gives rise to the con- 
' centric erystaliine shells and shrinkage cracks (pockets) with 
the highly perfect crystallizations of feldspar, quartz, faya- 
lite, etc., characteristic of the typical lithophysw. 

An analogy may also be traced between this illustration of 
pegmatite and what appears to us to be the best expUination 
of the quartz geodcs in certain limestone formations, Solu- 

*Bulletin of the Pbilosophical Society of Waehiagtoa, 12, 158. 
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ble orgHnic silicH originally di$ieemii)Bted through the lime- 
stone is dissolved by percolating water and subsequently 
replaces the cak-iiiin oarbonate of the limestones about favoi- 
uble centers. The silica is precipitated and accumulates in u 
highly bydrated and gelatinous form. Its volume is thus suf- 
ficient to fill the globular cavity due to the solution of the 
limestone; and, theoretically, the accumulation continues 
until the soluble silica in the tributary portion of the lime- 
stone i@ exhausted. The gelatinous silica then slowly dehy- 
drates and solidifies. This process begins at the surface; a 
eontini;ous and impervious shell i>< thus formed; and the 
remaining silica slowly adds itself to the inner !!urfuce 
of the shell. The viscdus nutuie of the hydrate does not 
allow the molecules of siliua sufficient freedom of move- 
ment for the development of a visibly granular or crystal- 
line structure; and the outei" tnyer of the shell is, therefore, 
cryptocrystalline orchalcedonic. But a prowess of spontane- 
ous differentiation is in progress. The separation of a portion 
of the silica renders the solution more mobile, the molecules 
move more freely, so that cryptocrystallization usually gives 
way to phenocryatallization, and the inner surface of the 
geode is studded with large and perfect crystals of quartz. 
The finely crystalline normal granite forming the main part 
of a boss corresponds to the chatcedonic shell of a geode, and 
the central veins and masi^es of pegmatite to the crystalline 
lining. The much larger proportion of water in the ball of 
colloid silica from which a geode is evolved determines a 
greater preponderance of the coarser crystallization and a rel- 
atively larger central cavity or pocket than in the granite 
boss; while the vastly slower crystallization of the boss pre- 
vents, as a rule, even the outer part from being left in the 
semi-amorphous or felsitic condition, which would be essentia] 
to give a perfect correspondence with the chalcedunic outer 
shell of the geode. 

We have observed in New Hampshire, as Williams has in 
Maryland, and other writers in Europe, a perfect gradation in 
composition between veins of typical pegmatite and ordinary 
quartz veins. The quartz veins often intersect the pegmatite 
and are obviously newer; though it is probable that they are 
usually substantially contemporaneous with the great mosses 
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of quartz which are such a chamcteristic. as well aa the latest, 
feature of the pegmatite. We hold, with Lehraann, tliat the 
most satigfiictory explanation of this blending of pegmatite 
with quartz veins on the one hand, us with normal granite on 
the other, ie to be found in a corrcBponding blending of aqiieo- 
igtieoiis fiiRion with igiieo-aqueous solution; and this dynamic 
gradation, it appearR to us, can only result from the gradual 
hydration of the residual magma during the slow centripetal 
solidification of a body of magma and a consequent elimina- 
tion of water. 

In any case, the solidification and urystalUzntion of a body 
of mugnm must be conceived as centripetal ; and this consid- 
eration makes it impossible for us to agrpe \vith Briiggor that 
the water of any considerable volume of magma would pass 
outward through the constantly thickening shell of granite 
into the wall-rock. And before the soliditleation begins the 
diffusion of magmatic water through the wall-rock appears 
equally improbable, since the magma is to be regarded as a 
chemical union of water and fused rock, a true hydrate, which 
is dissociated by crystallization, but while actively molten 
tinder pressure.absorbing water rather than giving it off. Fur- 
thermore, it appears tii us probable, or at least possible, that 
magma injected into the wall-rock may become more liquid, in 
spite of cooling, through absorpdon of water; provided the 
wall-rock has a high temperature, or the magma is already 
sufficiently hydrated to have a low fusing point. Local ab- 
sorption of water from the wall-rock would best account for 
the pegmatitic character of the small dikelets or apophyses of 
granite, to be observed on the shores of Marblehead and 
H^wampscott, Mass. The main body of granite ie quite free 
from pegmatitic characlers; but the innumerable branches or 
apophyses of granite rauiifying through the bordering diorite 
are very generally pegmatitic, at least in part, with frequent 
gradations, the most typical pegmatite passing by insensible 
steps into the normal granite on the one hand and ordinary 
%'ein quartz on the other. The dikelets vary in size from half 
an inch or less to several feet in width, even the smallest often 
exhibiting perfectly the gradation just noted ; and the pegma- 
titic character is quite commonly accompanied by a more or 
less distinct banding or zonal structure — symmetrical bands 
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of feldspar (red orthoclase) an either whU, with quartz und 
snmetiinee epidnte and allanite in the middle. Long, narrow 
pockets are a very oharaoteristic feature of these banded vein- 
let? of pegmatite, indicating H high degree of hydration of the 
magma. 

Although the fluidity of the highly hydrated pegmatite 
magma tvould make extravasation easy, and thus, perhaps, 
readily aceount for the size and number of the pegmatite 
veins in the surrounding formations, and the fact that they 
sometimes extend to great distances from the parent plutonic 
mass-, yet extravasation of a deHnite pegmatite magma is out 
of the question in the Marblehead und Swampscott occur. 
rences, and the pegmutite miiHt be due essentially to a differ- 
entiation i'> »itn of the normal granite magma, the only cause 
of the differentiation which we are iible to recognize being 
the absorption of water from the wall-rock. While studying 
the pegmatites of New Hampshire we were strongly impressed 
as already noted, by the number, size and general prominence 
of the pegnntitic veins in the schists, even at considerable 
distances from the mother rock — the Concord granite, the 
pegmatite being quite in contrast, in this respect, with the 
normal granite, which seems to form but few apophyses or 
dikes in the schists. In fact, we believe it may be truly said 
that while pegmatite intrusions are especially characteristic 
of the schists, intrusions of the normal Concord granite occur 
chiefly in the more massive formations (Winnepesaukee 
gneiss, porphyrjtie granite, etc, ). These considerations have 
recently suggested to us the following modification or exten- 
sion of the pegmatite theory : 

Pegmatite magma may be formed in two distinct ways: 
First, by normal magraatic differentiation in a boss or large 
body of magma, both crystallization and the operation of 
Soret's principle tending, as already explained, to increase the 
degree of hydration of the magma residuum about favorable 
centers. These magma residues may crystallize iti situ in the 
midst of the previously solidified normal granite, giving rise 
to what may be called sedentary pegmatite, which is especial- 
ly characterized by its gradual passage outward into the 
normal granite ; or the pegmatite magma maj sulfer extrava- 
sation, finally crystallizing in spaces of discission or dissolu- 
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tion in the parent plutonic, or in the surrounding formationii. 
Second, apophyseB of the normal granite magma may invade 
highly heated, water-hearing formations, such as the schists, 
and experience the necessary hydration for conversion into 
pegmatite magma through the absorption of this extraneous 
water. The high temperature of the walUrock is essential, as 
previously noted, to prevent the chilling and crystallization 
of the magma before the absorption of water can take place. 

It cannot be argued that this principle would lead to a per- 
ipheral development of pegmatite in the main bodies of gran- 
ite, for while the volume of walor-bearing wall-rock per unit 
of surface of the body of magma would not be increased, the 
volume of magma through wliich the water would be ditfused 
as fast as absiirbcd would be enormously greater and no ex- 
ceptional or marked degree of hydration could result. That 
the wall-rock must have been highly heated, contrary to Leh- 
mtinn's view, is reasonably certain from the absence in both 
the granites and pegmatite of the normal gradation in tey- 
ture due to the chilling action of the walls. On the other 
hand, this high temperature probably would not tend to expel 
the water from the inclosing formations, and thus prevent 
them from contributing water to the invading magmas: for 
the well-known experiments of Daubree and Poiseuille indi- 
cate that within certain limits, at least, the heat favors rather 
than hinders the downward progress of the water in the 
earth's crust; and it appears t<j us very probable that the ab- 
sorption of water by deep-seated magmas is another cause 
operating to the same end. It can hardly be doubted that the 
temperature was well above the critical point for water, and 
hence the hydration of the magma really means the absorp- 
tion of superheated aqueous vapor under enormous pressure. 
This extension of the pegmatite theory overcomes the obvious 
diflUculty HS to the extensive extravasation of pegmatite mag- 
ma evolved or originating deep down in a great busa of solid- 
ified granite; and apophyses of normal granite accompanying 
pegmatite may reasonably be referred to a somewhat earlier 
period, when the thermal conditions were still unfavorable to 
aqueous absorption. 

Pegmatite magma may not only be assumed to bo more 
liquid than that of normal granite, but to solidify less prompt- 
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ly, soIidiRcation being due only in part to cooling and in part 
to spontaneous dehydi'iition, — a general principle, the appli- 
eution of which to the pegmatite magma it) indicated by the 
absence of hydrous species among the component minerals. 
The esperiraenCs of Daubree and and others favor the view 
that the proportion of water etisentJal to the constitution of 
the pegmatite magma is small ; and this is indicated, also, by 
the infrequent and relatively small pockets; although the 
enormous pressure prevailing at these great depthn may, per- 
haps, tend to prevent the formation of pockets. 

The origin of pegmatites at great depths is suggested by 
the regional m?tamnrpliism of the sdiists and the consequent 
general absence of eharaeterlstic or significant igneous con- 
tact phenomena; t\nd a high temperature may be inferred from 
the usually Jagged outlines of the vi'ins. indicating a tear- 
ing or rending, rather than a breaking, of the rock^. as if 
they had been softened and toughened by heat. The minute, 
thread-like veins and apophyses, bDth of pegmatiti; and com- 
mon granite, and the very common lack of gradation along 
the walls for both rocks, and other facts point to the same 
genera! conclusions. The pegmatite magma is probably very 
liquid only in pockets; while for the di!i-elopment of the nor- 
mal pegmatite a much thicker jelly than the normal granite 
magma, combined, as in the latter, with extremely slow cool- 
ing and dehydration, seams to bs required. The order of 
crystallization shows that pegmatite miigma is only a more 
extreme form of the granite magma. In a true igneous or 
granite magma, however, the size of the crystals is definitely 
limited by the viscosity; and beyond a certain point it is 
practically independent of slowness or rate of cooling. It 
may be noted, also, that while in pegmatite the tabular and 
prismatic crystals tend to be perpendicular to the walls, in 
true magmatic consolidation the orientation of the crystals is 
essentially indilferent to the walls. 

The essential continuity of fusion ^nd aqueous solution is 
not readily demonstrated by experiment. Under the relative- 
ly moderate pressures which have been employed, the addition 
of heat to a solution, beyond a certain low maximum, vapor- 
izes and expels the solvent; nad, in like manner, although the 
addition of water to u magma promotes liquidity, the amount 
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of water which the magma ctin retain is insufficient to offset 
the loss of heut due to the vaporization of water. It is clear, 
however, that witli increased pressure solution? might be hot- 
ter and fusions more highly hydrated; and we see no reason 
to doubt that at moderate depths in the earth heat and water 
may exint in equal and perfect cooperation. Whether at great- 
er depths igneous fusion prevails must depend, of course, upon 
the temperature and its relations to the elevation of the fus- 
ing point by increase of pressure. The absorption of water 
under pressure by a liquid magma appears to be a chemical 
process, a true liydration, the water disappearing as such. If 
this view be correct, there is certainly some reason to think 
that we have here a reinforcementof Daubree's explanation of 
the downward progress of water in the earth's crust. It i* 
not only urged down by capillary attraction, but also, hb pre- 
viously stated, to make good the loss due to its absorption by 
deep-seated magmas. 

Pressure promotes aqueous absorption and solution, but re- 
tards fusion by raising the fusing point. High temperatures, 
on the other hand, favor fusion, of course, but are antugonis- 
tic to aqueous absorption, and hence to solution. If, as we 
must believe, the pressure increases more rapidly at great 
depths than the temperature, it may well be as has been clear- 
ly shown by others, that purely igneous fusion nowhere ob- 
tains, but the molten magmas at the greatest as well as at 
moderate depths are in a state of aqueo-igneous fusion. It is 
a necessary corollary to this view that as refrigeration pro- 
gresses and water is, in consequence, more abundantly absorb- 
ed, the degree of liquefaction at a given depth increases until 
heat and water are in perfect cooperation, and then declines 
with farther loss of heat, since it is manifestly impossible 
that Bufflcient water should be absorbed at any depth to give 
u general liquid zone by approximately pure solution. It is 
probable, therefore, that the continuity of fusion and solution 
is most fully realized during the differential BolidiHcation of 
a body of magma : and pegmatite is, in a truer sense than 
any other lithologic type, the connecting link between igneous 
and aqueous rocks. 

Strictly speaking, nearly all, if not quite all, known rocks 
are secondary. This is generally conceded for thesedimen- 
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ttury rocks; but, Tollowing Iddingp and other recent writers, 
it mii^t be admitted nleo for the igneous rocks. A dike \h a 
more or leas highly differentiated portion of some deep-seated 
magma, and it is clearly newer than the walls. An ascen- 
itionist, certainly, can aay nothing more for a vein, save that 
while in the formation of the dike heat is the chief agent 
with water cooperating (aqueo-igneous fusion), in the forma- 
tion of the vein water is the chief agent with heat cooperating 
(igneo-aqueous solution). The greater mobility of the so- 
lution permits a higher degree of concentration ; but concen- 
tration is a universiii process and participates in the forma- 
tion of eruptive ma^iScs and sedimentary deposits as well as 
of veins. 

In thi> opinion of the writers, no sharp line of demarcation 
can be drawn between dikes and veins, and veins are clearly 
entitled to some degree of recognition in thelithologieal class- 
ification. In a broad view of the early history of the earth, 
all the sedimentary and vein rocks are, of course, secondary 
with reference to the primitive igneous crust, but so are the 
igneous rocks with which we are now acquainted. Probably 
none of the igneous rocks which have been studied are truly 
primitive, and their derivation in some cases from sediments 
is claimed by many able observers. 

Heat and water are the two great agents concerned in the 
modi flea t ion and differentiation of the earth's crust; and they 
are generally, if not everywhere and always, in cooperation, 
heat prevailing, as a rule, at great depths, and water at the 
surface. Thus arise the two principal classes of rocks — ig- 
neous and aqueous. In either class the rocks may be deep- 
H-ated (newer than both walls) or superHcial (newer than one 
wall), in other words, intrusive or contemporaneous. The 
intrusive igneous masses are known as dikes, etc., and the 
contemporaneous as lava-flows; while the intrusive aqueous 
masses are known as veins, etc., and the contemporaneous as 
sedimentary strata. Between the vein rocks and dike or plu- 
tonic rocks we have, at great depths, a perfect transition, in 
the pegmatites; but between volcanic rocks and sediments 
transition forms are wanting, because the limited pressure 
does not permit the cooperation of heat and water. 
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Since this paper wan written, the IStk Annual Report of the 
Vfiited Slate$ Geolot/ical Surrey has appeared, containing 
Van Hise'e important discussion of the principlea of Pre- 
Cambrian geology. We are pleased to see (p. 687) that he 
holds very strongly to the essential continuity of fusion and 
sotution at great depths in the earth, and finds in this coop- 
eration of aqueous and igneous agencies the best explanation 
of the mnin part at least of the pegmatites, although hold- 
ing with Brogger that they are, in part, of normal igneous 
origin. 



THE GALENA AND MAQUOKETA SERIES- 

Bf P. W, SabdmoM. HiDDsapolii, Uluaesota. 
Part IV. 

In parts one and two of this paper a revii=ion of the Ga- 
lena and Maquoketa series has been discuBsed and a elassifi- 
cation has been outlined in emended form. The two series are 
divided primarily into fourteen beds and secondarily into five 
formations each of which includes one or more of the beds. 
In order to illustrate more fully the paleontological evidence 
upon which the classification is largely based, parts three and 
four of the paper are devoted to the discussion of that sub- 
ject. Part three is a digression comprising a paleontological 
study of the very important Galena (Trenton) and Maquo- 
keta (Hudson ) fossils known collectively as Orthix textu din aria 
Dal. Two similar groups will be added Jicre in order that 
they may be united in the subsequent discussion, but it will 
not be necessary for the present, to enter so fully into the 
paleontological diecription of these as of that one. Such 
wide digressions if repeated might result in making the major 
title of my paper non-representative of its major content, 
and cause the final and premeditated discussion to be crowded 
into a mere footnote. The diseusHion of Orthis teatitdinaria 
itself in part three is taken from a larger unpublished work 
of mine, and adapted to the present needs because it repre- 
Kents one of the most necessary stages of paleontologioo- 
^eological study of the Galena and Maquoketa series. The 
same spirit is intended to pervade the study of O. ttstudi- 
iinria and the two other groups of related Brachiopoda that 
are chosen for comparison with it, and it will be sufficient to 
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give the general reBults only of the investigation of the other 
two. After briefly reviewing them, a cnraparieon of the same 
Tilt be given in as far ae they aid in determining the true 
relations and the relative time interval of the beds and'for- 
matione of the Galena and Maquoketa series. 

Orthii ttntudinaria auct. was found in part three of this 
paper to comprise several distinct species or varieties in the 
Ordovician. There is one of these viz. 0. rogota Sar, in the 
Galena series ranging from the top of theStictopora bed (num- 
ber 4 in ascending series) to the LinguleJasmii bed (8). Of 
the Maquoketa sp^cie^ 0. corpulenta Sar. is found in the 
Triplecia b^d (10) and the Leptiena bed (13), 0. iynot- Sar, 
is found in thi' Leptieia bed (13) only, so far as known: O. 
tersa Sar. belongs to the same or little later horrizon : Orthin 
emnceriita Hall ranges through three beds (12 to ii),0.p'rrrecta 
Sar. belong!> to the Triplecia bed (lU) but is found as a sec- 
ondarily deposited fossil in part of bxd number 11 also, and 
0, futilia is known from beds number 10, and 18, Evidently, 
0. emacerafa Hall is not only contemporaneous hut also of 
earlier ocpurrance in the lower beds at Cincinnati, Ohio, and 
in the Trenton Falls, N. York, series, while O. corpiilentri 
would seem to be early represented at the latter locality. 
Plbctambonites. 

Species of the genus Pter.lambonite» in the Galena and Ma- 
quoketa series occur in geologic succession in the strata, but 
they do not form a correi^ponding morphologic series. Of the 
several forms that together comprise the Lepttrna (Plectnmbo- 
nile») sericeti auct., of this region, no two occur in the same 
bed, but one of them is associated with /'. iiibl>n»n W. and S. 
P. gibbo$a is not widely distributed, is imrmw in range ver- 
tically, and it has no varieties. P. aericen Sow., as usually 
defined, is, on the contrary, one of the mr)et widely distribu- 
ted of Ordovician brachiopoda here as in other parts of North 
America and in Europe, but it has several "varieties," at 
least live in this region, and these are each less widely found 
and are all of more limited range, like P. ijibbosa W. and S. 
It is not known how many kinds there are in the world, nor 
whether any of ours are found in Ku rope, but it is evident 
that several kinds are found there, and the same varieties may 
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oi!cur on both continents. The following ftre Hie epeciefi from 
the Galena and MaquoketA eerieB: 

1. I'lecliimboiiilea sericea (Sowerby), Siluriii, pi. 19, f. 1, 
(1839); Davidson, Silurian Brachiopoda, p. 323, pi. 48. flg. 
10-19, (1871), ia probably the name as the first of our forms in 
the Galena series. It has been so identified by Hall, Pal. N.Y., 
vol. 8, pt. 1, pi. 15, f. 25-29, (1894); vol. l,p. 110, pi. 31. B. f. 
2 (1847), although the figures by the English authors repre- 
sent the dorsal muscle scars ditt'erently from otir specimens. 
This species is found in the Stictoporella bed (8) and in the 
top of the Stietr)pora bed (4), and abundantly in the Fucoid 
bed (5) of the Galena series. 

2. /'. miifnexnleitiiiii (Sardeson). Bull. Minn. Acad. Nat. 
Sci., vol. Z, p. 339, pi. 6, fig. 24-25 (1892), is very abundant in 
the Orthisina bed (6), rarer in the Cainarella bed (7). 

3. P. ffibboiH Winchell and Schuehert, final rep., vol. 8, 
Geol. Nat. Hist. Sur. Minnesota, p. 418, pi. 32, f. 13-17 (1898) 
is known from the Lingulelasma bed (8), in Minnesota only. 

4. J'lectnmbouites at . sericea. A few ventral valves of a 
large species are associated with the last in the upper part of 
the bed, in Dodge county, Minnesota. 

5. P. priucnsiK (Sardeeon), loc. cit., p. 329, pi. 4, f. 28-28, 
is abundant in the Triplicia bed (10) of the Maquoketa 

6. /'. gaxeii (Sardeson), loc , cit., p. 330, pi. 4, f. 33-35. is 
known in Minnesoti and Iowa in the Orthoceras bed (12). 

P. recedetis (Sardeson) loc. cit.p. 330, pi. 4. f. 29-32 (1892). 
/'. sericea W. and S., (non Sow. ?) loc. cit., p. 414, pi. 32, fig. 
12, 10-11, (1893); Lcptana serice" / Meek, Pal. Ohio, vol. 1, 
p. 70, pi. 5, fig. 3 ft-e, notf-h, (1873), is common in the Leptiena 
bed (13), and Orthix bed(ll), of the Maquoketa series, and is 
the same, apparently, as found in the upper part of the Cin- 
cinnati shales in Ohio. 

These species follow closely upon one another in the strata, 
and if phylogenetieally euecessive varieties of the same spe- 
cies be interpreted from their relationships, it remains, never- 
theless, evident that the transitions are wanting, as in Orthis 
lesludinaria auct. In the lower Cincinnati shales of Ohio 
there is still another species, PlecUtmbonites aspera (Jsmee) 
Cincinnati Q. J. Sci., vol. 1, p. 161 (1874); Leptmna gericea 
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Meek. Pal. Ohio, vol. I, p. 72. pi. 5. fig. 3,f-h,( 1873, )wliicb occurs 
at 150 feet above low WMter line of the Ohio river at Covington, 
Kentucky, and this one in there the predecessor, possibly the 
ancestral form of J*, recedeiia (Sar). It would, however, very 
much raise our eonfldence in such a theory of derivation, if, 
ill any one case, these species or varieties and forms, as they 
have been called, bad been traced by intermediate steps from 
one to the other. 

The evolutionary changes took place in one of two waye, 
either quickly in a few obocure individuals, or gradually in 
perhaps many. In the latter case it is necessary to assume 
either that great time intervals are represented between cer- 
tain beds, or that the evolution took place in other regions, the 
"varieties" migrating suceBsively into this area. If the evo- 
lutionary changes were sudden, the several speciea are certain- 
ly "distinct," but if gradually then. too. they are distinct so 
far as is yet known. It is highly improbable that the ditfer- 
ences between these species are due to evolution in this area 
during time intervals, i. e., no such time intervals can be sup- 
posed in accord with the known facts. 

It would be easy to confuse one of the above species with 
another if not kept separate by the collector, because the ex- 
ternal characters are combined with many extreme ditferences 
due to accident of growth, and because the interiors are not 
only very liable tochanges through maceration, but also the 
differences between a young mature shell and a senile one 
of the same species are more striking than the speciltc dilFer- 
ences, between two of different species. 

One or two distinguishing features may be given here. 
I'leetamboiiiteK sericea and P. min»e»iiteii»i» have the strife 
less divergent from the margins of (he cardinal areas, and - 
the process between the two muscle scare on each half of the 
dorsal valve is relatively very small even in senile sheila, ae 
compared to the Maquoketa species. P. xerccea is larger and 
correspondingly more coarsely plicated and much less convex 
on an average than /'. mivnesoteniiiii is. Of the others, P. 
recedemt is the synthetic type, is moderately convex and is 
about as large as P. sericeii although more convex. P. aaxea 
is large, very moderately convex and thin, P. pracosis is very 
convex, with heavy hinge area, and is small, /'. asperu of Cin- 
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oinnati, ie uonvez and very wide in proportion to the shells 
length. P. gibbosa is outwardly like small P. j>ra:co»i», but 
is smaller, thicker proportionately, and generally triangular 
in outline. 

RantcBoKKtAJt. 
The species of Shj/nchonellft that are found in the Galena 
and Maquoket-a series had been practically all referred to one 
species by paleontologists, but have again been gradually sep- 
arated more or less distinctly in the same manner as the group 
of Ortbit testud in (iriti liuct., described in part three of this 
paper, had been. These two proups of fossils are in fact 
similarly composed, both comprising several closely related 
species. In the Orlhu t.Mtvdiiiaria group however the Ma- 
quoketa species, ae known, are the more numerous, while the 
BkynchoneUa group has most representatives in the Galena 
series. It includes the foliowing: — 

1. Rhyiichonelln mianesotenaU Sardenon, Bull. Minn. Acad. 
Nat. Sci., vol. 3, p. 333. pi. 4. f. 21-23, (1892). Rhynckotremn 
tnffi^KfoaitJw W. & S. (partim) Final rep. Geol. Sur. Minne- 
sota vol. 3, pt. 1, pi. 84, f. 9, 10. 16-23. (not 13-14) : is found 
from the Buff ii'mestona bed (1) to the Stictopnra bed (4) in 
this area, 

2. BhynchontUa uinaliei N. H. Wincbell: 14th Ann. Kep. 
Geol. Sur. Minnesota, p. 315, pi. 2, f. 6, (t; Bkynchotremit 
ainiUei W. k S. Final rep. Geol. Sur. Minn, p- 469, pi. 34, f. 
1-8, (1893) is from the Stictoporella bed (3). 

3. Rkynckonelln increbescensHM ( parti m) ; Pal. N. York, 
vol. 1, p. 146, pi. 33, flg 13. a.-f. (1847). Rhynchonella inere- 
betoenn Billings, Geol. Canada, p. 168, ftg. 153(1863) ; Tremn- 
toapira quadrupUcnta Miller, Cincinnati, Q. Jour, Sci,, vol. 2, 
p. 60, f, 6-7 (1875); Rhynckutrema inaquivatvis W. A S. 
(partim). Final rep., Geo. Sur. Minnesota, vol. 3, pt. 1, p. 469, 
pi, 34, f. 12-14 only (1893).* This species Is abundant in the 
Fucoid bed (6) gradually disappearing in the Camarella 
bed (8). 

*Spirifer inmquivalvii Caatelman, ie said by Wiochell and Scbu- 
chert, toe. cit. to have the priority, nnd to be ByaoDymoue but they con- 
fuse two species and do not tell which is Castelcau's. R. increbeaeena 
Hall is only teclinically applicable to this epocies, H. qiiadrmtlicata 
is a preoccupied name, hence I have followed Billing's identiflcation, 
fi. increbesKJia Hall, Bill (1863). 
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4. Rhgnchonella var. laticottatn W. * S., Rhynchotrema 
iAxqaicaloU vnr. UtioDstiita W. k. S.. lo?. cit., flg. 2S-29; 
Bhynchonella tancta Sardeson, Bull. Hinn. Acad. Nat. Sci.^ 
vol. 3, p. 333, pi. 4, 1. 19-20, ie associated with B. iacrebeicena 
H. in the Orthieina bed (6). 

5. Bkunckonella plena (H&\i), A Irypa plena Hall, Pal. N. 
York, vol. 1, p. 31, pi. 4 bis. f. 7 a-e (1847) is rare in the 
Fucoid bed (6) in Hinnesota. 

6. Rkynchonella cnpax (Conrad), Atrypo capax Con., 
Jour. Acad. Nat. Sci.. Phila., vol. 8, p. 264, pi. 14, f . 21 ( 1842) ; 
/fAj/cftoneliaca/iajrBiilings, Geol. Canada p. 211, f. 213(1863): 
R. onpaa: Whitf., Gen!. Wisconsin, vol. 4, p. 263, pi. 12, f. 
26-27 (1882) ; Rhynchotrema ciipax W. A S., Final rep. Geo. 
Sur. Minnesota, p. 462, pi. 34, f. 30-34, (1882), rare in the 
Tjngulelasma bed (8) and the Triplecia bed (10) but common 
in the Lcptiena and Orthi? beds (13, 14). It is often com- 
pressed and is probably R. perlameUoaa Whitf., in the upper 
Maquoketa. 

7. Rhynchnnellu anlicoslientia Billings, Pal. Foes., vol. 1 p. 
142. f. lie a-u, (1862);. Winchell & Schuchert, Final rep. 
Geol. Sur. Minn.,voI. 3, pt. 1, p. 464, f. 34 a-c(18fi3) ; found in 
the Orthis bed (14) in Iowa, Illinois and Wisconsin. 

8. Rhynckonelfn veenak Whittield, Geol. Wis., vol. 4, p. 
266, pi. 12, f. 19-22 (1882); is said to be found with the last 
named in Wisconsin und Illinois. 

10. Rhynchoiielln perlamellosa Whitf., loc. cit., p. 265, pi. 
12, f. 23-25 ; is very similar to the S. ciipnx (Con.), and is re- 
ported from the same horizon in Wisconsin, 

The earliest of the above cit«d species is R. minneiotensis 
which in the Buff limestone bed (1) is found in schools filling 
whole laminfe, but the ^ame are nearly all small, globose and 
resemble the figures of R. orientalit Billings, with which 
species they may be identical. Exceptionally a larger sized 
one is found that i» a typical R. tninneaotensii but the same 
is connected by every gradation to the smallest. Gradually 
the average size increases towarde the top of the Stictopora 
bed (4) where the species disappears, but even there, although 
rarely, a specimen of the small form occurs. Typically the 
plications number about 20 on the ventral valve, of which 
three fall in the median sinus but often four or five rarely 
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two or one, or six t<i eight instead of three obtain. The sur- 
face is nearly smooth. The associated It. ain»liei X. H. W. 
in the Stictoporella bed (3) is broader, finer plieated. and 
Rveragee larger than R. minnexoteniiii. It has five to eight 
plications falling in the median einiis, but on the averegf 
there are eix while R. miuiieaotensis has ofteneat three or four. 
The two siieciep are really entirely distinct, although no one 
known feature can be taken as an unfailing distinetion. 

In the Fucoid bed (B) are found a few RhynckonelUi ptemr 
Hall — Chazy formation, of New York — and they are larger, 
proportionately longer, with lesf^ sharply deBned median fr-ld 
and sinus than the largest II. tniimeaule.iisix, but both have 
smooth surfaces and might if mixed together be wrongly re- 
ferred to one variable species. Likewise Jlhyticlioiiella inert- 
beacens H. sensu stricto, which is found in beds Nob. 5 to 7, 
and taking the place of J?, miiniesuicnui/i, not only can be but 
has been persistantly confused with the last named species. 
They are nearly alike in size, but R. increheacem huf the 
shell smooth only up to a certain adult stage, then concenlric. 
projecting, laminar structures or growth lines developed tike 
those familiarly known on Atrypa relicuhiri* L. although in 
w spines on the plications. The 
, rarely two or four plications 
is not rarely largest. Measuring 
along the median line, the dorsal valve of R. increbesceiia is 
longer proportionately than that of S. tniunesotenti*. Ac- 
quaintance with both species makes their separation easy. 
Rhffnchonella var. fiiticoshttn W. &. S. which is found in the 
Orthisiiin bed (6) associated with R. incre&e«cen«, is not found 
in all zones with the latter, but in one only, in the Galena 
series although its distribution is wide, being evidently rep- 
resented in the Trenton of Kentucky and of New York. Its 
plications are strikingly broad, and large, and its surface is 
always smooth apparently because at the adult stage growth 
is arrested and senile walling up or dorso-ventral growth of 
shell at the anterior margin follows where in R. increhefceni 
the fimbriated portion of shell growth begins. Winchell Rnd 
Schuchert describe it as a variety understanding it to be not 
distinctly separable evidently and in this they are right, but 
whether it is an oft repeated sport, or a true variety, or a 
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specicB that crossed with H. increbexceng, or is merely con- 
fused because of its variations with the last named, I am not 
able Ui prove. The interior characters are unknown. Jt. 
minnesoteHgig, R. increbesceiis and li. laficogfa/a appear to be 
all represented in the Trenton formation of New York and 
Kentucky. EhynchoneUa cffpcj' Conrad succeeds R. increben- 
cens but it is rare atflrst, and few specimens are known ex- 
cept in the upper Maquoketa. It is not evident however 
that the first are nearer to R. increbencens sensu stricto, 
in type than any others are, though both these species have 
elevated concentric, laminar growth lines. U. perlnmeU-jfi 
Whitf., hiis not beeji re discovered, unless it is R. captix Uon. 
R. anticoHieiisis Bill, has a straighter beak than R. increbex- 
eena Hall. R. neenah Whitf.. Is said to have a much deeper 
median sinus and a very prominent median plication. The 
three lust named are from the top of the Maquoketa series. R. 
Jeiiia/a Hall which has a single plication iu the median sinus, 
is from the equivalent horizon in Ohio., there associated with 
R. en pax. 

COWCLUSION. 

Winchell and Schucherl* are of the opinion that there can 
be little ndvuntnge to the geologist or the bi<ilogist in giving 
names to the "variations" of I'lectambonifen lericeit, Orthin 
teatiidinnrin and others of like character. Whitfieldf and 
MeekJ had expressed similar views, and all have considered 
the "' varieties" as not distinct. I have endeavored to learn 
how far the same are distinct and distinguishable, and have 
become convinced that the ditFerent kinds are not united in 
the way that had been believed, in most cases. At all events, 
these "species" with their many " vari 'ties," are our most 
abundant Ordovician fossils, and to sliglit them is equivalent 
to rejecting the more complete and detailed geologic and pal- 
eontologic evidence in favor of poorer, more isolated, though 
conveniently distinct data. I have not hesitated to give the 
"varieties" specific designations, because they are important 
and worthy of recognition, buti do not mean to say thereby 
thnt it would not have been useless for authors to give names 

•Final Eep. Oeol. 8ur. Minnesota, vol. ill. p. 415. 
tGeol. Wis., vol. IV. p. 2r)8. 
jPai. Ohio, vol. I, p. 109. 
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to •' varieties " of Orthi* lextudiiiaria which they could nit de- 
fine, nor that the common excuse "we think the form in hand 
will prove to be a distinct speeiea," whether written or reserved 
in the minds of authors, does not entirely negative the value 
of a new name. On the contrary, there seem to be many spe- 
cies with names to spare. 

The paleontnhigical worlt in this series of paj)ers comprisea 
too little to justify much discussion on classification of Brach- 
iopodn. It may be said, however, that in the very promising 
materials examined, no caf^e of the transition of one species 
or variety to another has been geologically traceable unless it 
be within Ji. miniiesolensis Sar. from beds No. 1-4, or in. li. 
increbe»ceii» var. latlcoaUUn W. and S., but in most cases the 
biological relation remains doubtful except in so far as raor- 
phologieal similarity proves them to be i-los^'ly allied species. 
Paleontologists do not hesitate to describe new species from a 
single specimen, or from many specimens from a single local- 
ity and horizon, and presumably there can he error in the 
definition of a species. It is desirable, of course, to have large 
collections in order to learn the variations and mutations, if 
any, but what is most distinctly noticeable in the Galena and 
Muquoketa faunas, described by authors, is that species have 
been described not only from insuttlcient materials, at times, 
but niso from very abundant but poorly assorted collections. 
In ft confused and badly collected set of fossils nothing is eas- 
ier than to slight the truth, both in respect to the definition of 
the individual species and in respect to faunas. 

In the groups of Orihis tes/itdinaria auot. Plectambantte» 
Kerir.eit auet. and RhynckoneUn i>n:rebeg<iena Hall (1847), 
one might have been led to expect abundant evidence 
of evolution from "variety" to "variety.'' Careful in- 
venigation, I think, proves that the evidence is from 
!i biological source mainly, and that the addition of 
geological evidence necessitates new conclusions. The species 
("varieties") succeed each other in a manner such as to prove 
their relation not to be thatof "loi-al varieties." They enter, 
as a rule, independently, quickly, and in the same order over 
the entire area, and thus they may be used to distinguish the 
different contemporaneous strata at distant localities. In the 
Buff limestone bed (1) the H/tytickoueUa cf. orieutalia torm» 
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one diningui^hing feature. la the Bellerophon bed ( i) H. 
mi)ine»ofensig is ninre typical; in the Stietoporelln bed (3) S. 
minnetotensh and li. ninnliei are HBROciated with Pler.lavibonUts 
aericeii, geitgu stricloi in the Stictopora bed (4) Jt. niinnesn. 
ten»i» is found ; in the Fucoid bed (5) Ji. inrrebetcens, P. aei-i- 
cell, and O. rogata; in the Orthfxinn bed (8) Jl. inerebescemi 
and var. Irtticoatatn, P. minneiotensin and 0. rogata; in the 
Camarella bed (7) the eame are rare and var. latioostiitn i» 
not knnwn ; in tlip Lingulelasma bed (8) are R. cnpax, rare, 
P.jlibhomi, P. cf aeficta, rare, and 0. rogalfi ; in the Maclurfii 
bed (6) none <>T these ihree grniipR of fossils are yet known: 
in the TripU'cla bed ( 10) li. cn/i«j:,rure, P. pittcnais. 0. vorpit- 
leiifii, O. porrecta and O.fiitilia are found; in the Diplogrnp- 
t us bed (11) 0. porrecia is locally a secondary fossil; in the 
Orthoceras bed (12) /'. mxea, 0. emtirerala, and locally O. 
mttUiKectn: in the Lepla-na bed (13)'7( copai; P. recedeiis, O. 
corpulentn, 0. emnceraln, 0, /iifUi's, and O. igtiota:' in the 
Orthis bed (14) H. cnpux. It-, {•iillcoxtietiais, locally It. neeniih, 
and Ji. perlumelioaa, P. reaetleng, O. einncernta and 0. teriia. 

Having determined the -horizonn or beds in the manner 
etated, and knowing the distribution of our fossils, we are en- 
abled to compare them and it is at once conspicuous that the 
hypothetical times or intervals in which evolutionary uhaiiges 
took place do not coincide in dltferent groups of species. For 
example, RhynckimeUa miiineaotemia (1 to 4} changes abruptly 
to R. increbenoetis, (5 to 7) between beds four and five; Ptet:- 
tavtbnuites seriuea (3 to 5), changes likewise Ui P.miiitieimlen- 
giK (6, 7) between beds five and six; OHhia rogata ranges 
from No. 4 to 8, not changing between four and five, nor five 
and six. 

The source of the different "varieties" is either sudden and 
obscure evolution, or is from immigration of already different, 
contemporaneous species, and since the same ''varieties" are 
found in other areas it is certain that immigration is at least 
the scource in most cases. It is evident that species were ar- 
riving and departing from the urea during the building of 
the two series so that there is found a steady change of fau- 
nal peculiarities. Most often they came or departed during 
the interval between the beds, the same being thus divisional 
lines in the series. Some species may have evolved and others 
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died away here, but of that we are never piisitiveiy informed. 
When a ^pecieB disappears at one horiEOD it may return. 

The migration of species in this area during the Galenu 
(Trenton) and Maquoketa (Hudson) periods was gradual 
when the fauna is taken as a whole into consideration, and 
there are many minor changes as illustrated in the groups of 
species already described, which make the division of the 
iieries into beds easy, and the delimitation of formations 
practicable. There are morever local peculiarities of all de- 
grees besides those that are regional. A priori, one is not 
iible to tell which species is of the greatest value for corrrls- 
tion but inveBtigation soon proves some to be better than 
others. Very abundant species and large series of very 
closely related ones are of great importance because their re- 
lation to the strata is most easily proved. Isolated specie? 
like BelUrophon wisconsensis Whitf. (bed No. 2) which char- 
acterize one zone, and other common ones that are absent for 
a short time over the whole area like B. hilobnta» Sow. ureim- 
portantguides that are not tobeneglected in correlation. Of 
least value in the Galena and MaquoketA series is the common 
method of correlation by computing the percentage of like 
fossils since the identity of fossils does not prove strictly con- 
temporeneous deposits, but only related faunas. In north- 
eastern Iowa, as I have incidentally shown, paleontologists 
»nd geologists have recently mistaken the true Maquoketa 
(beds No. 11, 12), in numerous large exposures, for "Trenton" 
(beds 5, 4, etc.), and the next above the Maquoketa formation 
(13)for Galena (ft, H, etc.), and in fact a percentage computa- 
tion of faunas might lead to the same miBtake. Collections 
from different beds in two ditfcreni localities may have a higher 
per cent, of like species than collections from equivalent de- 
posits of the same bed at the two localities. The paleontol- 
ogic evidence, therefore, that I have used in correlating in the 
Galena and Maquoketa series has not simply eonsieted of 
gross percentage computations, but upon the inductively de- 
termined limits, range and distribution of species, and in 
fact of the commonest species. 
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EVIDENCE OF CLACIATION [N LABRADOR AND 
BAFFIN LAND. 

By Ralph S. Tarb. Itbacn, N. V. 

Route. The observations recorded in this paper were made 
by the writer during the summer of 1896, while' a member of 
the Peary expedition lo Greenland.* The steamer Hope, 
which carried the party, passed near the land along theentire 
eastern coast of Labrador, and an almost continuous view of 
this coast was obtained. Only one stop was made, at the 
island of Turnavik, in lat. 66° 15' . A landing was also made 
at Kig island, in Hudson's strait, in lat. 63° and long. 71°, 
and several stops on the main Balfln Land coast, just north 
and northeast of Big island. On the return from Greenland, 
a stop was made at Niantilik harbor, on Black Lead island, 
in lat. Qh°, long. 67°, on the south shore of Cumberland 
sirund. 

Tarnaeik Island, Liihrador. As Been from the steamer, 
nearly the entire eastern margin of the Labrador peninsula 
has the rounded contour which is so characteristic of glaci- 
ated lands. This is particularly well shown on the hills near 
Turnavik,which is an island off the Labrador coast. The eleva- 
tion of Turnavik is only two or three hundred feetin its high- 
est point, and like most of these northern lands, the surface is 
for the most part bare rock, with very little covering except- 
ing in th« protected valleys, where, in some places, there is a 
deposit of till, and frequently a covering of peat. The rock is 
a porptiyritie gneiss crossed by igneous rocks, and especially 
by diabase dikes. 

Upon Turnavik island signs of glaciation are everywhere 
present; the rock surfaces are roches raoutonn^es forms, with 
very perfect outline, and upon these, glacial grooves and stria? 
abound. The perfection with which these delicate scratches 
are preserved in exposed places tells of the recency of the ice 
withdrawal; but perhaps not so much as would at first ap- 
pear. Since the ice left this region, the lower portions of the 
coast have been submerged beneath the sea. and hence for 

♦Besides myselt, the meiubers of the Cornell party were Prof. A. C. 
Gill. E. M. Kindle, J. O. Martin, T. L. Watson, and J. A. Bonstell. 
Prof. G. H. 13artoD was with us much of the time in this part of the 
expedition. (See Am. Ggol., xviii, 1696, 370.) 
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some time protected from the action of the weather. On Baf- 
fin land, where the qiieRtion of po^t-glncial elevation was 
studied,* it wu? found that tbere was n marked ditTerence in 
the amount of weathering above and below the zone of former 
water covering. It is, therefore, probable that the freshness 
of the striee near the sea level at Turnavik is only partly due 
to the recency of the ice retreat. 

Although the hills of Turnavik are well rounded, and show 
signs of decided ice scouring (Fig. 2, PI. X), it is evident 
that the glaciation did not succeed in destroying even the de- 
tails of the pre-glacia! topography. Evidence of this ii" par- 
ticularly strong in the dike valleys. These, even though ex- 
tending at an angle to tho direction of iee motion, are pro- 
nounced features of the present topography (Fig. 2, PI. X). 
The pre-glacial decay along the line of these dikes was deeper 
than that on the encloiiing gneisses, and the action of the ice 
scouring has not been eufflcient to lower the gneisses to the 
level of this deCuy. Hence in various directions the island 
is crossed by dike chasnin, which are deep and narrow, as well 
as remarkably continuous. In Pome cases at least the disinte- 
grated material has all been removed, and the fresh diabase 
rock exposed in the bottom of the chasm. In other cases there 
is a layer of till, peat, or foreign rock in the bottom of the 
chasm; and hence in these places it is impossible to deter- 
mine hy surface indications whether all the decayed diabase 
has been tarried away. This evidence of slight scouring is 
in harmony with that found in Baffin land and Greenland, 
and also in parts of NewEngland.f It shows that pre-glacial 
decay was deep, and that the general ice scouring did not 
lower the surface far below the zone of decay in the weaker 
members of the roek series. 

Northern Labrador. Near the northern end of Labrador the 
first doubt concerning the presence of ice action arises when 
the Kig-La-Pnit mountain comes in view; and northward to 
Ogua-Lik and oape Mugford, and even as far north as the 
Four Bears (from Lat 57° to 60") the same doubt arises 

*8ee WatBon, Joum. GpoI., v, 1897, 17. 

tSee Shaler on the Geology of Cape Ann, Ninth Annual Report U. S. 
Geol. Survey. Pi. LX[I. Prot. Shaler interprets this as the result of 
sea action, but my studiea lead me to the conclusion that the dike val- 
leys are preKlacial. 
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becatiHe of the angularity of the topngraphy. Frolu the evi- 
dence of the topography I thought that these high itiountaine, 
which rice from near the sea to elevations of from two to five 
or six thousand feet, had escaped ice scouring, though the 
rounded contours of the valleys indicated the presence of 
ice action in them. My first thought was that, though the 
ice had spread tlirough the valleys, the elevated peaks had 
ri^en above the surface as peninsulas and nunataks, like those 
of the present Greenland coast. Later ntudy in Greenland 
proved the danger of drawing inferences concerning the ab- 
sence of glueiation upon the basis of topographic form as 
seen from a steamer several miles from the const.* The 
rounded outtineso characteristic of an ice-scoured country ie 
good positive evidence of ice action, but the nbnence of sueh 
action is not of equal value in proof of the opposite. When 
the pre-glacial surface was high and rugged, the same amount 
of scouring that rounded the lower hills may have failed to 
produce rounded contours on the higiier lands. Moreover a 
peak projecting into the ice is less eroded than the valleys 
whose surface is covered by the ice currents of greatest ac- 
tivity. In addition to this, the lower lands are longest cov- 
ered, being the first reached and the last abandoned by a gen- 
eral ice sheet. 

Therefore, although there is a striking difference in topo- 
graphy between the hills near Turnavik and the mountains 
around cape Mugford. I shall be very much surprised if fu- 
ture study proves that the higher hills were not covered and 
perceptibly modified by ice action. During the lust stages of 
ice action these mountains no doubt rose above the ice as land, 
It was a source of disappointment that other plans prevented 
our landing and studying this highland portion of the Labra- 
dor count. This region otfera a splendid opportunity for de- 
terming the thickness of the northern portion of the conti- 
nental glacier which spread out from the Labrad()r center; 
and in some one of the northern expeditions it should be 
made a stopping place for this purpose. The rounded topog- 
raphy of glacial regions reappears on the peninsula which 
forms the northeastern portion of Labrador. 
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Southern Baffin Land, on Bvdson's Strait. On Big iMand, 
Hnd on the main Baffin land to the nnith of it, evidence of 
glacial action was found on ull the hills that were visited. 
The rocks of this region are gneisses, and on the mainland 
these are very garnftiferous. Post-glacial disintegration has 
weathered these rocks very decidedly. The pre-glacial topog- 
raphy, which still forms the most striking features of the 
present land form, consists of valleys and hills which are 
mainly parallel to the strike of the rocks (about N I0°-30° 
I}, magnetic). So numerous are these valleys that the sur- 
face outline is exceedingly irrpgular. Into someof the strike 
vuUeys the sea at present enters, and near the shore, drowned 
alleys and hills, completely submerged beneatli the sea, form 
alternate channels and reefs, so that navigation near the shore 
is very dangerous. Seveml times the ship passed near some 
of these submerged hill tops, and once run upon one. staying 
there until the tide went out and rose again to flout her off. 

Not merely are there thene large pre-glacial valleys, but 
innumerable smaller ones, also parallel to the Btriko. So num-~ 
erous are these that the surface of the hills is corrugated 
by ridges and minute vMlleys.-wbere the hard and soft layers 
alternate. It is evident that these irregularities of minor de- 
gree are not of post-glacial origin, for the valleys are occu- 
pied mainly by ice-derived blocks of rock and by till (below 
the zone of former sea level, by sea-made deposits). The val- 
leys extend diagonally to the direction of ice motion, and hence 
were not ground out by ice erosion. They certainly repre- 
sent irregularities of pre-glacial origin, which the ice erosion 
has not been able to wear away ; and, comparing the evidence 
from this with that found at Turnavik, it seems evident that 
less down-cutting was accomplished by the Baffin Laud ice 
cap than by the Labrador sheet which overspread Turnavik. 

The land in the southern portion of Baffln land rises to an 
elevation of over 700 feet within a few miles of the shore, and 
the ioe has covered all of the bills. It is perfectly evident at 
a glance, and can be proved without even visiting the shore, 
that notwithstanding the many irregularities in detail of sur- 
face outline, the general topography is that of smooth and 
somewhat rounded contours. The action of the ice upon the 
higher hills is also shown by the roches moutonnees which 
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abound; and the condition of the rock in likewise proof of ice 
action : for, althougli much post-glacial weathering has oc- 
curred, there in an absence of the quantitien of decnjcd rock 
and talus that would be present in a region which had long 
been exposed to the weathpr. Glacial stria; of distinct kind 
were not soen : the weathering of the exposed rocks haying 
been too great for them to remain. Some broad and rather 
deep grooves, apparently of this origin, extended N. BO'-BO" 
E. (magnetic), and this coincides with the direction of the ice 
iDovement as determined by the form of the moutonnct's hillo. 
lu the valleys there are deposits of gtaciial material, but till 
is so scarce that the ourfafeie almost entirely either bare rock, 
or else blocks of gneisf derived by post-glacial frost action,* 
Transported pebbles of quartzite, slate, and fossiliferous lime- 
stone were frequently found on the hills and in the valleys, 
but the time at our disposal would not permit us to trace these 
to their source. 

Cuinberlarid "oiinrl. Illicit Lniul. Very nparly the same con- 
ditions were present in Cumberland sound, though the details 
of the pre-glacial topography are perhaps even more perfectly 
preserved. 'I'lie surfai'e of the hills is extremely irregular, 
and valleys and ridges of minutesize, distinctly of pre-glacial 
origin, abound. On this part of Uattiii land also, the glacier 
extended at leastaa high as 700 feet, and nothingin the topog- 
raphy indicated that the ice did not cover even the highest 
hills that could be seen. It was astonishing to find how little 
ePTect in smoothing the surface was accomplished by the ice 
invasion of this land; but very nearly the same condition ex- 
ists on those parts of the Greenland coast, which were studied 
in detail. It is noticeable near Cumberland sound, as well as 
inTurnavik, and in Hudson's strait, and indeed In Greenland, 
that there are many basins of small size, surrounded entirely 
by rock. While some of these have no doubt been scoured 
out by differential ice erosion, the position of many of them 
along the line of weaker rocks, indicates that they represent 
differential pre-glacial weathering. The advance of the ice in 
these cases has served to remove the decayed rock, and perhaps 

*ThiB notable absence of drift deposita is fciuod througbout the aortb- 
STD regions BO for visited. Fur some reason the ice that passed over 
these did not have much drift, just as now, the Greenland glacierti are 
not heavily laden. 
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to deepen the depressions formed by thia action, though ice 
erosion would not in this case be the prime cause for the 
basin. 

Recency of ice wlthdratcul. Notwithstanding the absence 
of distinct rock strife, it is evident, for several reasons, that 
the ice has not long been away from Baffin land. The marked 
weathering of the surface roclc suggests considerable length of 
time; but in using this as a basisfor an estimate, it must be 
remembered that the severe weather changes of the Arctic, ev- 
idently produce marked results in weathering in a very 
short time.* In the tiU beds, which were found in greater 
thickness and abundance in Cumberland sound than in the 
other places thut have been described, ihere is much less evi- 
denee of modification. The stria; on the pebbles are still dis- 
tinct. and the till not markedly decayed, nor even the weaker 
pebbles disintegrated. Weathering oti the exposed and fri- 
able gneissio bed rock has been far more rapid than in the 
unconsolidated deposits In which frost action is able to pro- 
duce less effect. 

Evidence of recency of the ice withdrawal is also furnished 
by the lakes of Baffin land. Some of them have two outlets 
and others have more. This certainly could not have been 
possible had the water been overflowing the rime of the basin 
for any considerable length of time. It would not be long 
before one of the outlets, in its action of down-cutting, would 
so exceed the rate of work of the others that all but one would 
be abandoned. Pointing toward the same conclusion of re- 
cency is the fact that even where torrents enter shallow lakes 
from the higher hills, the materials that have been brought by 
the streams have not yet been able to build perceptible del- 
tas in most of the lakes. 

Conclvtions. The conclusions to be reached from this very 
brief reconnaissance study of piirts of Labrador and Baffin 
land are, in ihe first place, that all of the land, excepting pos- 
sibly the highest parts of BafBn land and Labrador, has been 
buried beneath an ice sheet. •The possible exceptions, in nil 
probnbility, are not real cases of unglaciated land, but rather 
high land that rose hilo the ice, and in the early and later 
stages of glaciation extended abore it, us is the case inGreen- 

•See Tarr, Au. Qeoi.., xix, 1897, 1.31. ' 
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land itself at present. The direction of ice movement in Lab- 
rador was not determined excepting at Turnavili, where it 
w«e rttf shore. In Baffin land it was difBcult to tell how the 
ice moved, because the striK were destroyed by post-glacial 
weathering: but on the southern side the ioe movement was 
apparently southeastward, as if Baffin land had been a nepa- 
rate center of ice dispersion. 

The glacial action produced more effect in the down-cut- 
ting of the surface in Labrador than in Baffin land, for the 
surface features of the former are very much more rounded 
than those of the latter. Even near Turnavik, the ice cutting; 
did notsucceed in lowering the surface down to the level of 
the zone of weathering in the weaker rocks. In Baffin land 
the down cutting of the surface was even less pronounced. 
Both in Labrador and Baffin land there is evidence that the 
ice has withdrawn from these regions in very recent times. By 
comparison with studies that have been made in parts of New 
England it seems that the period since the ice left is much 
shorter in the northern lands. Comparing these northern 
regions with JSew England it aeema certain also that the ac- 
tion of ice erosion has produced less effect upon the topog- 
raphy of the northern than the southern regions. On the oth- 
er hand, as we proceed northward the effects of post-glacial 
-weathering become more and more pronounced, so that the re- 
cency of the ice uncovering is more and more masked. 



ESKERS INDICATING STAGES OF GLACIAL RE- 
CESSION IN THE KANSAN EPOCH IN 
NORTHERN ILLINOIS. 

By OscAB H. Hbbbhbt, Frseport.Ill. 
(Plate XI.) 

Intbuductioh. 
The following pages present the result of an investigation 
into the character and origin of a remarkable series of ridges 
and knolls of stratified gravel and sand, situated mainly in 
the Pecatonica basin in northwestern Illinois and the adja- 
cent portion of Wisconsin. They constitute a very important 
part of a drift sheet which, although unevenly distributed, is 
very thin and presents no true moraines. It has now become 
well known as the Kansan drift sheet, and it is exposed in a 
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belt from thirty to fifty miles wide, extending from north to 
south across portions of the eounties of Jo Daviess. Stephen- 
son, Winnebago, Ogle, Carroll, Whiteside, Lee, and Rock Is- 
land, besides being widely distributed over western Illinois 
south from the Rock river. The district to which it is pro- 
posed to call special attention in the present paper includes 
the part of the hydrographic busin of the Pecntonica river 
which has been glaciated, and also the Leaf river basin imme- 
dintely south of it, together comprising about 1,400 square 
miles. 

The Burfnee is essentially an eroded peneplain, having an 
altitude at the northwestern corner of about 1,025 feet above 
the sea, and sloping thence southeastward to about SOO feet 
at the southeastern corner of the district. In the western 
portion of the area a few elevations known as "mounds" rise 
from 75 to 200 feet above the peneplain. Eroded below this 
upland plain are broad shallow basins along the main lines of 
drainage, One of these, through which the Peeatonica river 
flows, is three to five miles wide and 75 to 100 feet deep. 
Trenched beneath the surface of this second and very imper- 
fectly developed peneplain, are the present immediate valleys 
of the streams. The Peeatonica valley proper, behinging to 
this system, has a width of one to two miles, and an average 
depth of 100 feet. These valleys are. next to thn main upland* 
[leneplain, the most prominent topographic features of north- 
western Illinois and southwestern Wisconsin. Formerly they 
were much deeper than now, their rock floors being rarely less 
than 100 feet, and possibly in some places as much as 200 feet, 
beneath the present slrearus. The buried portion of the val- 
leys was largely filled with a blue silt just previous to the 
glaciiition of the region, and on this the drift sheet rests.* 

DBHCRirTION OF THE StKATIFIED tjRAVEI. AND SaND, 

The knolls and short ridges of stratified drift in the Peea- 
tonica and Leaf river basins, although occurring at wide in- 
tervals throughout the district covered by the Kansan drift 
sheet, are principally collected into a number of irregular 
belts (shown in plate XL), which cross the country parallel 

*For a complete rtiecuasian of the topography of the district the read- 
er is referred to a recent article by the writer in the Ahrhican Geuio- 
titsr. vol. KViii, pp. 72-100, August, 1896. 
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to the reputed direction of ice-movement. They are practi- 
cally continuous throughout their entire length. On a hasty 
reconnoissance, this statement might be disputed; for the 
continuity of the deposits is now frequently interrupted by 
gape. Sfany of thpse gaps are occupied by the alluvial planes 
of the present streams, and the ends of the ridges on either 
side correspond, clearly showing that the gaps have been pro- 
duced by stream erosion subsequent to the abandonment of 
the region by the ice-sheet. There are other apparent gaps 
where subaerial erosion cannot explain the absence of the de- 
posit, but In these places careful observation usually reveals 
Kome trace of it. 

The main belts of stratified drift are found to follow the 
main lines of drainage wherever these agree with the general 
direction of the ice-movement. Three of these beltn cross 
Stephenson county in a general east to west direction, which,' 
beginning at the southernmost and most prominent one, may 
be named the Pecatonica, CedurviJle, and Orangeville belts. 
The next belt northward seems indicated by a heavy develop- 
menl of stratified sand and gravel in and south of the city of 
Monroe, Wisconsin. This may be referred to as the Monroe 
belt. But the most prominent and sharply defined belt of the 
district is the one next south of the Pecatonica belt| which, 
from its fine development in the vicinity of the village of 
Adeline, in Ogle county, may be denominated the Adeline belt. 
Other less developed belts occur both north and south of those 
already mentioned, notably one in southeastern Carroll 
county, designated by Mr. Frank Leverett the Hazelhurst 
belt; but these have not yet been mapped and will not be 
considered in the present paper. 

The rtve belts thus especially noted are not all that occur 
within the limits of the district, for there are still a larger 
number of shorter and less marked belts, which, although 
generally approximately parallel to the glacial movement, 
gradually converge toward the main belts, until finally the de- 
posits of one are merged into those of another. If, instead of 
mapping the deposits by their present areal extent, lines are 
drawn through the crests of the ridges, the analogy with an 
ordinary drainage system will be remarkably close. The main 
or primary belts represent the trunk streams, and the second- 
ury belts the tributaries. 
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Disregarding tiie eecondary belts, we find that the main 
lines of dminage, as recorded in tlie 'primary belts, iiad an 
average distance between them of seven miles, although 
sometimes approaching within five miles and again diverging 
LO eight miles. The situation of the secnndury or branch belts 
has been accurately determined for the Pecatonica system 
only : but, by analogy with these, and relyingon an abundance 
of fnigmentary evidence gathered in other portions of the dis- 
trict, we may safely assert that tributary streams, as indicated 
by the branch belts, Joined the main streania every few miles 
along their course, and ut the point of greatest divergence 
were separated from them and from each other by a distance 
of no more than two or three miles. We thus see that the 
geographic distribution of the stratified sand and gravel in our 
district indicates that the outer portion of the ice-sheet, dur- 
ing the time of tlieir formation. Imd a very complete system 
of drainage, provided these streiime all flowed at the same 
time. 

The Aiteliiie bell. The eastern end of this belt is a short 
distance southeast of the village of Adeline in Ogle county. 
Its direction is at first slightly north of west to a point a few 
miles west of this village', when it turns to a direct west 
course, which it holds for about six miles, until it has passed 
the Iltinois Centra! railroad. Thence it bends to the west- 
eouthwest, and persists in that direction to the end, not far 
from the Carroll county line. Throughout this distance of 
about twelve miles it is a well-defined ridge, having, however, 
a very uneven crest line. It may more properly be described 
as a scries of mounds and short ridges standing in a line and 
connected at their bases. Only one short gap occurs, «nd 
that is where, a few miles east of the railroad noted, a branch 
of Leaf river breaks through the range. The base of the de- 
posithas an average width of several hundred yards, and the 
ridge rises in some peaks to a hight of 110 feet above the 
creek at its base. It trends ahmg the center of a preglacial 
valley, and, with its steep slopes and exceedingly irregular 
crest line, constitutes the most prominent topographic feature 
due to the drift in northwestern Illinois. Throughout the 
greater portion of the range it is clearly composed of only one 
ridge; but at its eastern end it broadens out and consists of 
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numerous short parallel ridges. Similar division occur? also 
near the western end, but is less distinct. 

At least a half dozen large openings have been made into 
this range oT knolls and they reveal its internal structure per- 
fectly. All its material is water-worn and generally well 
rounded. No particles amaller than grains of fine sand are 
present, while large pebbles artt abundant, and in many cases 
coarse cobbles and boulders. Between these extremes therein 
every gradation, and the sizes are generally well sorted. The 
stratification is very distinct, and is chiefly of that class 
known as false bedding or diagonal stratiHcatlon. In addi- 
tion to the normal or original dip of the strata, portions of the 
deposit are much disturbed, apparently by settling. The to- 
pography of this range and itH internal structure indicate 
that its relation to the associated drift-sheet is similar to that 
of the eskers of New England and New York. 

The Pecatoaica belt. — The eastern end of this belt hae been 
overridden and destroyed by a later ice-movement. Its de- 
posits appear in a small valley on the eastern edge of Steph- 
enson county, and thsnce trend weatwardly as a poorly devel- 
oped line of knolls and shnrt ridges which ascend a rock 
ridge probably 160 feet above the valley bottom, and thence 
descend into the valley of the Penatoniea river at the village 
of Kidott. In crossing the high rock ridge, the sand de- 
posit consists of a small and narrow ridge never exceeding 25 
feet in hight, and il continues with almost perfectly regular 
contours for a mile or more, then attenuating, only to rise a 
short distance beyond in a similar ridge. About a mile and a 
half north of this narrow belt, another comes down over the 
slope of a rock ridge, and forma several prominent cone- 
shaped mounds in the valley near the river. Its extension 
westward is indicated by an undulating topography with 
gravel outcrops, trending west-northwest until cut off by the 
river. Both of these belts can be traced by a line of knolls 
to an apparent junction on the north bank of the river about 
four miles east of Freeport, Here about 500 acres are cov- 
ered with u well marked deposit of gravel and sand which 
rises into smooth ridges and some very steep knolls 60 to 76 
feet above the river. Farther west, toward Yellow creek, the 
belt is marked by at least four distinct ridges, the northern- 
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moE>t of which stands in the center of the valley, while the 
most southern one partly rests on the slope of a rook ridge. 
These four ridges are parallel and about 1,000 feet apart. 
They end abruptly at the western end, where they are being 
eroded by Yellow creek and the Pecatonica river; excepting 
that the southern one is continued southwestward by a heavy 
deposit, which, however, shows subdued drift contours. 

The belt has now left the valley of the Pecatonica river 
and henceforth occupies the preglacial valley of Yellow creek, 
which it has so obstructed as to turn the stream into a new 
course for eight miles. Several small parallel ridges continue 
the belt to its nest heavy development, three miles southwest 
of Freeport. Here we find a roughly circular series of muunda 
and ridges apparently embossed on the eaetern %\a^e of a 
ridge, which reseoibies a rock ridge, but crosses the old Yel- 
low ereek valley at a right angle. Well sections show it to be 
composed of drift, partly till. Just east of this ridge the 
main beltof stratified drift is joined by a well marked sec- 
ondary belt, whitib comes down from the east over an upland 
country averaging 125 feet above the valley bottom of Yellow 
creek. Near the same place a narrow belt apparently di- 
verges from the main belt and trends northwest and then 
nearly due north. Its length is about three miles, and it is 
marked by a line of cone-shaped knolls and short ridges, 
which is crossed in going westward from Freeport at the dis- 
tance of about two miles from the city. Its trend is anom- 
alous, for it is apparently at rjght iingles to all the other 
belts of the region. 

On the western slope of the ridge crossing the ancient val- 
ley of Yellow creek, the main belt is continued by several 
parallel broad ridges, evidently containing much material but 
displaying no decided drift t^ipography. These ridges cul- 
minate south and southwest of the village of Bolton in the 
most prominent accumulation of stratified drift of the Peca- 
tonica belt. It covers nt least 1,000 acres and rieee into eteep- 
riidcd parallel ridges attaining a maximum bight of perhaps 
100 feet above the adjoining lowlands. This finely developed 
depositdies away to the west Into what appears to be a sand 
plain, but which lies mostly below the present creek level and 
cannot well be studied. Northwestward occasional sand ridges 
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nppenr and continue the belt to its extreme end on the west- 
ern county line, northwest of the village of Kent, and only u 
few miles_bHck from the outer drift margin. But that por- 
tion of the belLwhich lies west of tiie heavy deposit tit Bolton 
cannot be traced continuously and is poorly developed, so that 
the belt may be terminated properly at Bolton village. Its 
length, with this limitation, is twenty miles. The aggregate 
amount of mat^riul which it contains is several times as 
great as that of the Adeline belt, but it is scattered over a 
greater width ; and, except at a few pointi; of special develop- 
ment, it does not show such a marked topography. Conse- 
quently, while the Adeline deposit has been frequently de- 
scribed and discussed, no mention has been made of the similar 
belt in the Pecatonien and Yellow creek valleys. 

The most characteristic features of the Pecatonica belt are 
(1) Its compound nature, there being almost invariably two 
and sometimes as many as five parallel ridges, which may be 
traced often for half a dozen miles, when they either diverge 
to the branch belts or die out altogether; (2) the size of its 
material, averaging finer than in any other main belt of the 
distriet; and (3) the suddenly increaRing development which 
the belt presents at distant-csof every few miles. 

The Cedarville belt. — Deposits belonging to this belt arc 
first met with in the valley of the Rock run about one and a 
half miles east of Rock City. It trends thence west-southwest, 
but as it is obliged to paso across an elevated tract of coun- 
try, and as it is much mixed up with another class of drift 
phenomena (knolls of angular fragmental limestone), it can- 
not be definitely traced until it reaches the valley of Cedar 
creek. Thence to its western end it is very distinct, consisting 
of a single "ridge" which is marked by a line of cone-shaped 
mounds. Southeast of Cedarville there is an area of special 
development where it rises into sharp knolls 80 or 90 feet in 
bight. Here it has obstructed the ancient valley of Cedar 
creek, compelling the »:tream to cut a gorge on the north side 
of the village. The next area of special development is in the 
angle formed by Cedar and Richland creeks near their junc- 
tion. West of the latter stream it is compelled to cross a high 
rock ridge, and upon its descent into and crossing of the val- 
ley of the Pecatonica river, it is found to have made a rather 
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sharp bend to the northwest. In the village of DamaBcus it 
is well represented, and one mile northwest from there it rises 
into high hills which are remarkably steep and comparable in 
ai^e with those which make up the Adeline belt. Northwest- 
ward from this area of special development, it extends up a 
small valley as a straight line of high, very steep, c-one-shaped 
knolls, which again culminate about three miles northeast of 
Lena. This I would prefer to consider as the western end of 
the belt, for, although its extension northwestward nearly to 
the edge of the Driftlese Area is marked by a discontinuous 
line of knolls, beyond the point of special development above 
indicated it has ceased to form a well marked deposit. Lim- 
ited thus, its length is about twenty miles. 

TIte Ornngecilie bflt. — The mapping of this belt is as yet 
very incomplete, and its situation, except ut a few points, has 
not yet been definitely determined. Its existence as a main 
belt is known from the fact that, in going northward from 
the Cedarville belt along any line, no stratified drift is en- 
countered until on a belt which passes about two miles south 
of the village of Orangevilie, when indications of waterworu 
gravel and sand are invariably met with. One deposit, prob- 
ably corresponding to the ''areas of special development" in 
the other belts, occurs on a hillside two miles due south of 
Orangevilie. The chief |}oint of development, however, is 
found jost north of Winslow in the Pecatonica valley, where 
It rises into a very prominent knoll and a number of associa- 
ted ridges. Here the belt terminates. 

The Moin-iie bell. — Deposits of stratified gravel and sand, 
occurring partly in Monroe, Wisconsin, but chiefly southward, 
have been de»icribed by Chamberlin and Salisbury in the 
Sixth Annual Report of the U. S. Geological Survey. I have 
examined the deposit south of the town, and, from its heavy 
development, its northwest and southeast trend, and ite ap- 
parently fitting into our system of glacial drainage, I consider 
it ns the western end of one of the main belts. It probably 
corresponds to one of the " areas of special development" of 
the more southern belts; but southeastward from Monroe it 
may l>e scarcely traceable, there being no valleys to favor its 
development. 

Having completed this brief description of the main belts, I 
will dismiss the secondary belts by the statement that they 
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are in every way oimilar to the others, except that they are 
Iftsti strongly developed and more inclined to become diacon- 
tinuuus. 

There are certitin features that arecnmmon to all the belts, 
which may be detailed ae follows : 

1. They are not conAned to any level but cross ridges of 
nny bight, in several cases 150 feet or more above the present 
bottom of adjoining valleys. However, they are best devel- 
oped at lower levels, and the most prominent knolls and 
ridges stand in the center of valleys. 

2. They endeavor to follow valleys, if such can be found 
trending in their direction. Their situation is apparently less 
affected by the lower caiion valleys than by the upper basin- 
like trnughp. They will not bend from a direct course upon 
encountering a low ridge, but are readily compelled to change 
direction upon meeting one of the high ridges which consti- 
tute the rcmiiinHof the peneplain. 

3. When they are in a nurrow valley there is iieually but a 
single ridge, and only few secondary belts; but in such a wide 
basin as that of the Fecatonica river and Yellow creek there 
are a number of parallel ridges. 

4. The prominence of a belt and the amount of material 
which it contains are dependent largely on the size of the 
valley or basin in which it occurs. Where it is compelled tu 
cross Ihe peneplain without any favorable basins or valleys, 
it is 80 attenuated as Co be often diRlcult to trace, while the 
same belt passing into a valley becomes conspicuously devel- 
oped. 

5. By far the most important feature of the gravel and 
sand belts of this district is their habit of suddenly passing 
into areas of marked development, at intervals averaging two 
or three miles apart. It is important to determine whether 
these areas arc original or have been produced by subsequent 
unequal erosion of the belts. The glacial origin of these "areas 
of special development," which, for convenience indieeussion 
I shall denominate special areas, is undoubtedly not merely 
apparent. It is true that commonly they are portions of the 
belt where coarse gravel is mostabundant, and this has pro- 
tected the deposit from being as deeply affected by subsequent 
erosion as are some other portions: but, on the other hand. 
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several of the most prominent arens cnneiet almost exclusive- 
ly of fine Piind, nnd, although they have been deeply eroded, 
they atill retain their prominence over neighboring portions of 
the belt. Post-Kanean erosion (chiefly Aftonian) has removed 
a large part of the deposits, and to it is due mainly the pres- 
ent topography of the belts. The higher knolls are those por- 
tions which, being capped with coarse gravel, were less deeply 
eroded. The original topography ean sometimes be restored 
by studying the internni structure. The ridges thus become 
e.noother and more regular, but the special areas are not oblit- 
erated. In short, after a careful study of the region, no doubt 
can remain that originally the belts of stratified drift ridges 
and knol|a had these points of special development. 

The Manner of Deposition op the Stuatified Drift. 
When the "iceberg" tlieiry was favorably received to ex- 
plain the glacial phenomena of North America, the range of 
gravel hills in the Leaf river valley was attributed to the ac- 
tion of marine currents in the sea, which was supposed to 
have covered the entire glaciated area, Lat-er, when the gla- 
cial deposits were recognized to be due to the action of land 
ice, and aft«r the significance of the terminal moraines had 
been determined, this range of hills, probably because of its 
being at right angles to the glacial border, was classed with 
medial moraines. During the past ten years, however, its true 
nature has been generally recognized, namely, that it is the 
deposit of a stream which flowed on, through or under the 
ice, and which had a course at right angles to the border of 
the ice-sheet or approximately parallel with the direction of 
ice- movement; in short, that it belongs to the class of glacial 
drift deposits included under the term esA-erj, I shall assume, 
as needing nn demonstration, (1) that the stratified gravel 
and sand of the Pecatonica and I^eaf river basins owe their 
existence to a series of streams which cesulted from the melt- 
ing of the b<)rder portions of the ice-sheet; and (2) that 
thsss streams had walls or banks of ice, the deposits being 
laid down mainly within the margin of the glacier. It will 
l>e interesting, however, to discuss some of the minor particu- 
lars, such as (a) whether these streams flowed in channels 
melted into the ice, or in tunnels; (b) whether the deposits 
were laid down at the mouths of the streams or along their 
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entire course; (c) whether the ice was in motion during the 
existence of the streams; and (d) whether the front of the 
ice-sheet remained stationary during the entire period in 
which these deposits were formed. 

It is necessary, first, todetermine the origin of the material; 
and this may be divided into two classes, foreign drift and 
local material. To the former class are referred all pebbles 
and boulders which have come from a greater distance than 
the western edge of the Niagara terrane in southeastern Wis- 
consin and northeastern Illinois. In the latter class are in- 
cluded pebbles of Galena limestone, white cJiert from the 
residuary clay of the Galena terrane, and the Freeport gravel.* 

None of the so-called local material has come from a greater 
distance than sixty miles. Consequently, when we find that 
at least 90 per cent, of all the material of a size exceeding one 
fourth of an inch, in the gravel knolls and ridges, is of the lo- 
cal class, we know that at leasit that percentage of the coarser 
portion of the deposit was gathered up within sixty miles from 
its present posiiion. But when the percentage of local and 
foreign drift is studied in detail in the several knolls, it be- 
comes yet more significant. Two miles east of the city of 
Freeport, several knolls, standing well out from the rock 
slopes of the valley, are found to consist to the extent of 95 
percent, of Freeport gravel and highly ferruginous Hands, 
which were probably derived from the same formation. The 
courses of the streams that deposited these knolls can be 
traced eastward along various ridges and mounds for about 
three miles, and in every exposure of the interior nearly the 
same pereuntage of Freeport gravel prevails. So far as traced, 
these streams nowhere come in contact with the rock ridges 
which bound the valley. Just south of and parallel with the 

•The Freepitrt gravel is an ancient river-gravel, in which the pebbJes 
are light brown in eolor and raoBttj have s peculiar semi -polished ap- 
pearance. It has never been observed iii nitii within the district, al- 
though JntolliKent well-drillers report penetrating occasionally at a 
moderate depth in the larger valleys, a red gravel quite distinct from 
the drift, both litholoyically and Htratigraphically. From that deposit 
the brown river gravel distributed through the drift of the Pecatoaiea 
valley has probably been derived. Further evidence of its local origin 
will ije presented in the text. Its designation as Freeport gravel is in- 
tended as temporary, until Its true nature can be ascertained or it can 
be correlated w'xib gravels discriminated and specifically designated in 
some other district. 
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eeker ridges which contain thia gravel, another etreain course 
is indicated by an ealcer, hut in the exteneive excavatione 
which have been made into it, a half hour might be spent in 
searching for a single pebble of the Preeport gravel. Instead. 
it appears to be replaced by well-rounded pebbles of Galena 
limestone which constitute 90 per cent, of the coarser material. 
Now, the till orunstintlfied glacial drift of the immediate vi- 
cinitv, or of any part of the district, while it contains a very 
large percentage of Galena chert and also a considerable 
a:iiount of Galena limestime, has comparatively little of the 
Freeport gnivel, and not nearly a sutUcient amount of local 
limestone pebbles to supply them in the percentage found in 
this southern esker. The origin of these pebbles in the strut- 
ified drift, however, is nicely explained by the fact that the 
stream pai^sed across a ridge of Galena limestone about a half 
mile east of the excavations noted. Moreover, this was the 
only r'>ck ridge with which the ef^ker stream cume in contact 
within several miles, and it? larg^ percentage »f Galena lime- 
stone must have been derived from this source. The streams 
farther north failed to reach the liraeatone ridge, but instead 
eroded a deposit of Freeport gravel, which they probably 
found at low level? and carried within a few miles to a hight 
of at least ftO feet. It in thia great abundance of the Freeport 
gravel in certain knolU, and its almost total absence in others ' 
of the same system, which supply the strongest proof of its 
local origin. 

In the Cedarville belt the method of gathering tlie coarser 
material is equally plain. It passes through a country in 
which the hills are higher and closer than in the southern por- 
tion of the district, and there was better opportunity for the 
streams to come in contact with the rock ridges. Consequent- 
ly we find many deposits of coarse gravel and cobbles in which 
96 percent, is Galena limestone, and one large deposit in which 
99 per cent, is of this material. An examination of the till in 
that portion of the district shows that on an average it does 
not contain & per cent, of pebbles of Galena limestone, and 
they are almost invariably small. This statement is not made 
at random to support a theory, but it is the result of repeated 
examinations of the ordinary drift of that region. It is evi- 
dent that the major portion of the coarse pebbles and cobbles 
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in the knolls wag eroded from the ridges by the stream itself. 
Whether this material had previously been loosened and brok- 
en up by the action of the ice is immaterial to my present 
purpose, whieh is to prove that the streams did not flow at a 
level above the tops of the highest hills on which the ice-sheet 
rested. In nearly all cases where a gravel deposit occurs with- 
in two miles west of a prominent rock ridge, it contains beds 
of coarse pebbles and cobbles which nre almost exclusively of 
Galena limestone. 

[To be eontinued.\ 



EDITORIAL COMMENT. 



I TO THE INVBSTIGATOK AND HENEKAL 
STUDENT. 

"Wliere has this subject been previously treated?" isa ques- 
tion perpetnally recurring to the investigator, and the answer 
is never satisfactory. Not only is the body of geological lit- 
erature so large that no individual can cope with it, but its 
bibliography has not been successfully attempted by any or- 
ganization. Nevertheless, there are nunierou** works, such as 
partial bibliographies, indexes to libraries and serials, and 
reviews of special subjects, which may be of great use to the 
student if only he is aware of their existence and knows where 
to find them. A real need has therefore been met by the 
bibliographical committee of the International Congress of 
Geologists, in preparing its "Catalogue des bibliographies geo- 
lugiques," which gives a classitied list of ail partial bibliogra- 
phies of geology known to exist, either in print or manuscript. 
How well the need is met can not be told until it has been 
practically tested by use, but the volume bears witness to the 
most earnest and painstaking endeavor, and those who exam- 
ine it can hardly fail to be astonished at the very large num- 
ber of existing sources of information as to the extent and 
character of the literature of geology, Emm. de Margerieand 
his colleagues on the committee have assembled no less than 
3,918 separate titles of bibliographies and allied works, and 
have described them with such fullness as to make a volume 
of 750 pages. Some of the works entered, like the catalogue 
of the Royal Society of London, contain lists of publications 
of individual geologists; others are bibliographies of partic- 
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ular oouDtries or diBtricte; and yet otherw pertain to the lit- 
erature of special geological eubjectB. With reference to these 
various limitatinns of gcope the entries have been given an 
■elaborate claesiflcation. and they are aleo indexed, bo that <me 
who wishes to know what hax been written on a particular 
Bubjet-t or a particular district can readily ascertain whether 
there ie a iinown list of the writings he seeks. 

Our readers may recall that the committee on bibliography 
WEB appointed at the WaBhington session of the Congress and 
that it made a preliminary report ut the Zurich session. Funds 
for the publication of this volume were furnished by the local 
committees of those CongreSBcs, but the cost of printing has 
Bomewhat exceeded the estimates, and the committee are eo- 
deavoring to meet the deficit by selling such copied of the cat- 
alogue as remain after supplying the members of the two 
Congresses. Not only do we hope that this may be accom- 
plished, but that a large number of our university and public 
libraries may acquire this valuable work of reference, for it 
will be found a great convenience wherever any original re- 
search is undertaken in general geology, or in any of its de- 
partments. The price, for the United StateB and Canada, has 
been fixed at IS. 00, and copies can be had from the American 
member of the committee, Mr. G. K. Gilbert, of the U. S. Geo- 
logical Survey, Washington, D. C. u. h. w. 



REVIEW OF RECENT GEOLOGICAL 
LITERATURE. 

Sixleentii Annual Sfport of tin United Stateit Oeoliigical Stinv]/ to 
. the Hfc.ivlary of the Interior, I894~'ii.'i. Charles D. Walcott, Direc- 
tor.— Part I. Director's Keport and Papers of a Theoretic Nature: pp. 
xxii, 910: with 117 plates, and 168 figures in the teit; 1896. -Part II. 
Papers of an Econoniii: Character: pp. xix, !>93: with. 42 pltiten, aail GSt 
ligures in the text; 18B5.— Part III. Mineral ReBources of the United 
States, 1894, Metallic ProduotH: pp, jtv. 646, with Ki plates, and 9 fig- 
ures in the test; 189r).--Part IV. Mineral Resources, 1894, Noometal lie 
Products: pp. xii. T.S.'i, with 6 plates; 189i). Pour stately volumes 
i:oDBtitute this annual report. The third and fourth treat of the pro- 
gress and statistics of mining and quarrying in this country during the 
calendar year 1894, as compiled under the direction of Dr. David T. 
Day, which reports previously hiLve been issued in a separate series. 
These volumes, and also the second, which contains results of iuvesti' 
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gations that txre likewise of immediate value forguidaoc 
and inilustrial eDterprisee, were issued nearly u year in advaoce of vol- 
ume I, which, however, appeared within about a year after the end of 
the tiBoal year to which it relates. 

This first report of the present director fiUa LW pages, noting the plans 
for the year, the appropriations, and their allotment to more than thirty 
Held parties in geology and paleontology. It gives brief outlines of the 
work done by these parties, and by the divisiooB at chemistry, hydro- 
graphy, and topography. Id the last named department surveys and 
mapping are being extended far in advance of the detailed genlogio sur- 
veys. The total appropriation for the Geological Survey, in all theee 
departments, during this fiscal year, was 9497,990. 

Both the strictly geological and the topographical work are widely 
distributed. In geological work thirteen parties were enipluyed in the 
.Appalachian and .\tlaa tic coastal rcgiona, receiving amounts that varied 
trom «600 to 87,500: and in the central and western parts of the country 
fourteen parties, with similar allotments, of which tour worked wholly 
or partly in Colorado and four in California. 

The largest amounts for topographical work were allotted to Colorado 
and California, K0,000 each: Texas received *12,000; New York. 
Georgia, South Dakota, Nebraska, and Oregon, each $10,000; while in 
eleven other states topographical surveys were allotted from 82,(00 to 
$5,000 each. 

In pages 1S3-414, with plates ii-lxxhv and 66 figures in the text. 
Prof. O. C. Mabsh reiKirtB oi! the "Dinosaurs of North America." This 
elaborate paper presents the author's matured tlassi Heal ion of this re- 
markable group of Mesozoic reptiles, as now known from this continent. 
The material on which the descriptions are based has been in progress 
of collection more than twenty year?, and has led the author across the 
Rocky mountains a Htill greater number of tiniea. Further discuBsion 
of the aifinities of the class, or its relationship to other classes of rep- 
tiles and to birds, will be given in forthcoming moni^raphs. 

"Glacier bay and its Glaciers,*' by Harrv Fieldinq Reid, is the 
theme of pages 415--4CI, with plates Lxxxvi-xcvi. The maximum ex- 
tent of the Muir glacier, to the Beardaleo islands, was followed by a re- 
cession, which is thought to have been comprised within the past 100 
or l.'iO years, withdrawing the ice front about twenty miles. Between 
1880 and 1890, the continuous annual recession averaged about 750feet, 
being at the rate of a mile in seven years; but between 1890 and 1802 
an advance of about 900 feet took place, due probably to an unusually 
large snowfall in these years. 

Prof. Lester F. Ward discusses "Some Analogies in the Lower Cre 
taceous of Europe and America," in pages 461-542, with plates xcvii- 
cvii and figures 67-69. The Potomac formation of the United States is 
compared with the Wealden of Eugiand. The geologic relations of 
these two formations, ami their paleontology, especially their plant re 
mains, are regarded as evidence of closely equivalent age. The Cre- 
taceous and other Mesozoic formations of Italy and Portugal are also 
concisely reviewed. 
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Pages 5i3-570, with flgurcs 70-100, by T. Nelson Dale, describe 
"Structural Details in the Green Mountain Refpon and in eastern New 
York." The author abows, by the excellent illustrations, how the indi- 
vidual ledges, and even band specimeos, in an area of mountain crump- 
ling ciften diHplsy results of folding, cleavage, and brecciation, whlph 
are traceable to the motions of the rock particles participating in the 
disturbances of the great mountain masses. 

In pages 571-874, with plates cviir-cxvii and figures 101-169, a verj 
thorough study ia presented by Prof. Charles R. Van Hise, under the 
title, "Principles of North American Pre-Cambrian Geology," with an 
appendix, by Leander Milleb Hoskins, on "Flow aud Fracture of 
Rocks as related to Structure," Fotda, cleavage and fiesility, jointH, 
faults, and the varied phases of metamorphism, are carefully aad ia- 
slructively considered: after which the historical geology of the kr- 
cbean and Algonkinn districts of the United States and Canada ie re- 
viewed, atU^ntion being especially directed to illustrations o( the princi- 
ples earlier stated. 

The concluding paper of volume I, by Heniiv Ganneit. chief lopi^- 
rapher, gives a -'Summary of the Primary Triangulation executed by 
the United States Geological Survey between the years 1882 and 1894." 
.\baut a sixth part of our national domain, excluding Alaska, baa l>eeD 
covered by this triangulation. 

Volume II. — The first paper of volume n is by Whitman Cross and 
K. A. F. Penrose, Jr., on the "Geology and Mining Resources »f the 
Cripple Creek District, Colorado,"' comprising pages 1-209, with 11 
plates and ,T7 figures. The gold production of this district during the 
first three years of its development, 1892 to I89i, is estimated as about 
87.000,000; and the value of the ores shipped from the mines, conlaiD- 
ing free gold and telluride of gold, varies from {20 to several thousand 
dollars per ton. The veios occur at fault planes of slight displnccniebl 
in and near the area of eruptive rocks which overlie and partly surround 
a volcanic vent and which are themselves surrounded by grtioite. It is 
lielieved that the gold and asmciated vein minerals were derived by 
solution from the volcanic rocks, and, to n less extent, from the adja- 
cent granite. 

Pages 211-276. with plates xv-xvn and figures 38-41, are entitled "A 
Geological Reconnaissance across Idaho," by Geohoe H. ELDBKnoE. 
The belt examined extends from southwest to northeast by Boise ami 
Salmon City. The rocks are referred to the .\rchean, Algonkian, and 
Paleozoic eras, with Tertiary sandstones and clays, abundant Quater- 
nary gravels, and eruptives which are regarded as possibly of all ages 
from Arcbean to Recent. 

Prof. N. S. Shaleb, in pages 277-311, with plates xviii-xKiv, treats of 
"The (leology of the Road-building Stones of MassachusettB, with 
some Consideration of Similar Materials from other parts of the United 
States," Laboratory tests o( road materials, which have been performed 
at Harvard University for the highway commission of Massachusetts, 
are described, with detailed statement o( their results, and with notes 
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of the sources ot euch etone, partly bouldere and cobbles of the glacial 
aQ<l modified drift And partly quarries. Tha plates illuBlrate eskere, 
morainic boulder belts, reaidual boulder pavemeota on the seashore 
where L'Hffs of tilt are being waahed awn3', and the contiguous coarse 
shingle beaches, besides views of trap dikes in Brighton and Somerville. 

Mr. J. EnwARD Spukr, in pages 313 45ri, with plates xiv-xxxiv, and 
ttgures 42-47, presents an excellent report on the "Economie Geology 
of the Mercur Mining; District, Utah," with an introduction by S. F. 
EHHO>e. From all the mining districts of the Oquirrh mountains, first 
worked in 1869, it is estimated that, up to Jan. 1, 1894, more than $50,- 
000,000 of gold and silver had been obtained. In ISSM) the remarkable 
Gold ledge ut the Mercur district, in these luountninH, waa discovered. 
The ore-bearing horizon is in the Lower Carboniferous limestones. Two 
distinct periods of mineralization produced, first, the Silver ledge, car- 
rying silver with some antimony and copper, but no gold; and, at an 
undetermined later time, the Gold ledge, about 100 feet higher, which 
ia a bed of det'oniposed limestone and shale, carrying realgar and cinna- 
bar, with a low but comparatively uniform percentage of gold, but no 
silver. Id both periods the ores were deposited mainly in the porous or 
brecciated zone along the lower contact of intrusive porphyry ahoeta. 
Mr. Spurn thinks that the minerals of the Silver ledge were pressed out 
of the cooling porphyry with the included water and brought to their 
present position in aqueous solution; but that the subsequent minerali- 
zation of the Gold ledge waa due to furaarolic vapors ascending from 
home body of igneous rock which did not reach the surface. 

Mr. Frkdehick Havmeh Newell, in pages 457-5.13, with plates xixv- 
XXXIX, and figures 48 57, treats of "The Public Lands and their Water 
Supply;" and the final pap^'r of this volume, in pages 535-5S8, with 
plates XL-XLii, and figures 58-65, is by the late Mr. Robert H*v, on the 
"Water Resources of a Portion of the Great Plains." One of the maps 
of Mr. Newell'B paper shows, for the western half of the United* States, 
the areas of forest (about 15 per cent.); of woodlands having a sparse 
growth of timber (17 p.'-r cent.); of irrigated and improved lands (7.33 per 
uect.); and of treeless country (61 per cent.). More than three -fourths of 
the treeless portion are rated as grazing lands: and only seven per cent, 
of all as desert. The district carefully examined and here repJirted by 
Mr. Hay is a north to south belt, in southwestern Nebraska, western 
Kansas, and eastern Colorado, The topography, hydrography, and ge- 
ology, are described with relation to irrigation. 

Valiimen III ntiU /I-'.— For the year 1891, here reported, the metallic 
producta of the United States had n value of 8218,16e."88; and our non- 
metallic mineral pnxlucta amounted to 9308,486,774. With the addition 
of a million dollars for eatimnted mineral pro<luctBOot specified in the 
tabulation, the total is $527,655,562. bein;; over a Ihousand times the ex- 
penditure, during that year, for the United States topographical and geo- 
logical surv,>ys. Values of the production of some of the larger items of 
the list were as follows: Bituminous coal, $107,653,501; anthracite coal, 
$78,188,063; pig iron, $65,007,247; silver, $64,000,000; gold, $.30,500,000; 
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copper, f33.Ul.H2; building elone, $37377,816; petrolenm. $35,522,095: 
and natural gaa, »13,954,400.' The production of iron was 6,657.388 long 
tone, or an average of 200 pouods npiece lor each man, tvoiuan and child 
of our population 

The coropilatioa of these reports aud atatJetics has been carefully done 
bjr m&ay Bpecialista uoder the direction of Dr. Day. It is a great ad- 
vantage to the industrial intereats of the United States that his reports 
be promptly published, as early as is consistent with their accuracy and 
coQiplotenesB. The promptitude of issue of the present volumes there- 
fore deserves most hearty comineudation. It is further to be hoped that 
similar early publication and dietributiou will be accorded likewise, en 
fiir as shall be practicable, to the other work and investigations of the 
survey, embodied in its bulletins and monographs. w. v. 

The Oeoh<ijy of the Fox Islaiidii, Maine: A Contribvli'on to the Study 
of out Volcanics. .\ dissertation eubroitted to the Board of University 
StudieB of the Johns Hopkins University for the degree of Doctor of 
Philosophy. Hy Ueorof, Oi'is Smith. (76 pp., 2 pis.; Skowhegan, Mc, 
1896; published by the author.) The Fox islands are eituated in about 
the center of Penobscot bay, eight miles out from tlie mainland. North 
Haven and Vlnal Haven are the principal islands of the group and a- 
mong tlie larger of the many islands along the Maine coast Their most 
striking topographic feature is un extremely finuous L'oaal line. Dr. 
Smith Bays that, while a circumference o( thirty miles would encompass 
the entire gnjup, the coast-line of these two islands alone measures near- 
ly one hundred and fifty miles. This feature is due to the depression 
of a surface divemfied by subaerial erosion and only slightly modified 
by glaciatioD. Wave action isreducing the complexity of thecoast-line, 
cutting back the salient and filling in the re-entrant angles of the coast. 
Thus an increasing simplicity wilt accompany and indicate the increas- 
ing ago of the coastline. 

The geological research of Dr. Smith has been along three lines: the 
investigation of the geologic relations of the different members of the 
rock t^ericB. the determination of the original nature of the rock-typee 
represented, and the tracing of subsequent changes. With the results 
of this threefold research thoroughly mastered, he is able to give an 
adniirably clear outline of the geologic history of the islands. 

There are seven geologic formations represented, comprising a consid- 
erably larger number of rock-types. 

The Nohth Haven qreenbtone complex covers the greater part 
of North Haven and is composed of diabases, amygdaloidal and com- 
pact, with accompanying pyroclastica. From this original material 
greenstones have been produced through the processeB of saussuritiza- 
tion and chloritizatiun chiefly. A columnar structure, conspicuous in 
the field, is thought to be due primarily, to contraction on cooling, and 
secondarily, to modification by subsequent dynamic action. The prisms 
produced by contraction have been rounded and a schistose matrix 
formed by dynamic action. This greenstone L;oraplex bears internal 
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evicleD(.-e of superior age, and is aleo foutid to underlie a basal congloin- 
erale of tbe Niagara period, lience the forinatioo is pre-Niagara. It is 
alBO the oidest formation OD the islands. 

The Niagara flEDiuENTs oc(;upy an insigniflcnnt area on North Haven 
island, and a still smaller area od Stimpson's island, but have proved 
on account ol their fDssiliferous churacter, of extreme value in duter- 
tninitig the ages of the geologic series of the islands. The best FeotioD 
is on North Haven island and is giveo below in descending order: 

Sandy shale and quartzite 65 feet 

Conceal^ 70 " 

Grey shale 19 '- 

Conglomerate and shale 12 " 

Red shale 55 ■' 

Conglomerate 1 " 

Red shale 10 " 

Grey ehale .T7 " 

Concealed 17 " 

Grey shale and limestone 71 " 

Quartz-porphyry, intrusive sheet 10 '• 

Concealed 16 " 

Grey limestone and ehale 104 " 

Grit, coral fragments II4 " 

Sandy limestone 1 " 

Concealed 42 " 

Basal conglomerate IC " 

58CM 'eet 
The formation possesses i\ steep southerly dip and a general strike be- 
tween N. 85" E. and N, 40° E. Sorae eighty fossil species have been 
studied by Beechor and are distributed through the following classes; 
Hydroaoa (3|, Actinozoa (12), Crinoidea (2|. Annelida (2), Ttilobita {3|. 
Ostracoda 13), Bryozoa (2), Brachiopoda (27). Pelecypoda (0), Gastropo- 
da (6), Pteropoda (1) and Cephalopoda (8). This fauna includes a few 
chariLcterietic Clinton species and a larger proportion of Niagara spec- 
ies. On this evidence the fossiliferous rocks of North Haven are con- 
sidered "hs representing a fiiunal equivalent to the Clinton and Niagara, 
with a decidedly strong Niagara faoies,"' 

An interesting BUKgestion by the author is that the color of the red 
sbalee is not due, as is frequently the case, to the absence of an attri- 
tion sufficient to si'parate the coating of ferric oxide from material de- 
rived from Hubaerial decay of cryBtalllne riK-ks, but that it is due to 
the presence of tufaceous material deposited in shallow water. Thus 
the red shales are the earliest evidence of volcanic activity on the is- 

Thb Caldkrwood's Nkck schists comprise a series of quartzitic 
slates, banded schists and miiseive quartzites, and occupy the northern 
half of Calderwood'a neck. Contact phases of the Calderwood's Neck 
serieH in proximity to the granitic and volcanic rocks are represented by 
felsites. This series is composed of non-tossltifcrous, metamorphosed 
sediments, and. while it is impossible to determine their age relative to 
the Nia«;ara series, they seem to be an older formation deposited under 
distinctly different conditions. 
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Red, yellow and purple volcanics are coDspicuous alon^ the bold 
shoree of the Fox IslaadH thoroughfare, wheoce they have been designa- 
ted the Thorouohfaue VOLCANICS. These lavHB and their correepondini; 
fragmcQtala ioclude three rock-type^: andeBitus, diahoBeporphyrienBrid 
quartz porphyries. These ancient andeaiteB vary Bomewhat in miners- 
logical compuaitiun and in structure and admit of further claaeiflcBtiuD 
aB pyroxene-andesite, hornblende- and esite, basaltic andesite, aadesil^- 
porphyry and amysdaloidal andesite. Reference will again lie made Ui 
theae rocks in the discusBion of terminology, A volcanic conglomerate 
made up of rounded andesite (ragraenta, ranging in size from that of n 
boulder several fest in diameter tu that of coarse sand, is the mOBt iu- 
p,>rtant of the pyroclaatics. Flow breccias and tuff breccias aro also 
fouDtl with gradations to tuff^ ot the finer volcanic ilust. The aah- 
etructure, characteristic for di'posits.of finely divided glass, is displayed 
by theee Kne grained tuffs, and is figured by the author. 

The pyroxeDe-andesitea and andesite -porphyries are the lowest meoi- 
bersof the series and are immediately overlain by the volcanic cod^Iodi- 
erate, which in turn is overlain by basaltic andesite, the mure acid 
hornblende andesite, acid and ba.iic interbedded tuffs and amygdaloids. 
The limited Sows of quartz- porphyry are associated with the acid luffB. 
The determination of the age of these volcanics reBts upon their relation 
to the Niagara sediments. While at one locality (,Aujes knob) the vul 
canics overlie, without marked unconformity, the upper members of 
the Niagara series, at another locality (Stimpson's ieland)Bome presum- 
ably Niagara sediments arc Interbedded with the lower members of the 

These facts justify the assumption that the volcanic activity began in 
Niagara time. No evidence o( the site of the vulcanic vent was ob- 
tained. The sediments, volcanic and otherwise, indicate that the area 
ot volcanic action was near the sea level and undei-went more or leas 
frequent uscillatione of level. 

Nor did volcanic activity close with the Thoroughfare aeries, but later 
activity is representetl by the Vinal Haven acid volcanicH. These acid 
volcanics occupy the northwest end of Vinal Haven and, while exhibit- 
ing few types, they are of peculiar petrographic interest and beauty. 
They furnish another illustratioc ot the preservatioD, in ancient de vit- 
rified acid lavap, of the structures found in modern rhyolites and obeid- 
ians. They include taxitic and spherulitic aporbyolites, with flow 
breccias and tuffs of the same type. The spherulites vary in size from 
a pin-head to spheres several Inches in diameter. No lithophyse trere 
found. The matrix in which the spherulites occur is cry ptocryslal line 
and occasionally vesicular. The presence o( perlitic cracks is taken as 
an indication that the crystallization is, in part at least, the result cif 
devitrification of an originally glassy matrix. 

The Uow breccias illustrate still more strikingly the original character 
of a glass and in one instance, at least, aubaequent devltrificalioD has 
been ver>' slight. This occurrence of glass in such ancient lavaa ia 
unique. 
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The auccesBion for the ncid volcanice is tuffB.laxitic nporhyolites, 
Bpherulitic apiirhyolites, flow b;Y>cdas and tuffs. The author deeinn 
that the eruptioD began before that of the ThoroughfarQ volcanicH bud 
concluded, and wa« from a differeDt though neighboring veat. 

In addition to the forroatioos already depcribtil, there are great intru- 
sive maaaes of grauites and liiabaEee, besides numeroue dykes of quartz- 
porphyry and diabase. These intrusive, holo- crystalline rocks consti- 
tute the ian^r part of Vinni Haven. The ease with which the ^rauite 
cao be quarried and worke<l. the fine polieb which it takes, aod the 
proximity of the quarries to good bnrbure have rendered ttiis rock of 
very considerable economic importance. The Vinal Haven quarrieH are 
said to be the most extensive in operatinn in America. Petrographies lly 
the rock is a typical bii)tite-griinite with porphyritic facies. It is free 
from basic sefp^i^ations. but contains numerous aplitic veins, which 
' are considered by the author iKneoue injections Bubsequeot to the con- 
solidation of the granite. Anaociated with this true granite is n "black 
granite'' which proves to lie olivine dialtase and iliorite. These basic 
intrusives are older than the granite which cuts the dinbase in nmner- 
uus sheets ami dykes. The quartz- porphyry and diabase dykes are 
doubtless connected genetically with the corresponding acid and basic 
raaasive intrusives. 

Thfi time of the intrusion is conjectural. The dyke relatione show the 
iatruaivesto be younger than the formations previously discussed. 
The plutonic conditli>ns of the granitic crystallization necessitate 
n cover which has subsequently been removed. Time must also be al- 
lowed for the diabasic intrusion with its thinner cover. Hence a con- 
siderable interval must separate these intrusives from Niagara time. 

The alteration which the igneous rocks have undergone has been due 
to the action of both superficial and deep-seated forces, and is Vntih 
structural and niineralogiciil. The former is seen only in the change of 
diabiises to greenstone schists. The latter alteration is tiy far the uio're 
universal and important and is considered by the author to be more of 
the nature of weathering than true aietaniorpbism. The resulls of this 
alteration may be covered by the processes of sausfuritizatiou, epi- 
dotization and chloritization. 

It is questiimable whether saussuritization (R^'■e Rosenbusch, Mikros. 
Pbysiog., .Trd ed., vol. ii. p. 282) can be considi'retl a proceM of weath- 
ering rather than of metamorphipni. Undoubtedly dynamic metamor- 
phism is not essential to this process, but may not a static mctanior- 
pbiam be distiniruished from those processes of disintegration (weather- 
ing) whereby, by means of hydration or carbonatization. compounds less 
crystalline and moresoluble than the original compoundsnre produced? 
Devitrification is a good example of a similar metamorphism where, as 
the author points out, dynamic action is not needed as an initiatory 
factor in the process. 

Nomeaclutw-e. Under this caption the question of the terminology 
of the volcanice is discussed. (l)The acid volcanics are termed apo- 
rfayoliteeon the ground of being devitrifled rhyolites. |2| The more basic 
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volcanics are called aodesites, od the ground of their Bimilaritf with 
the modern andeaitic: lavas. 

It might be pointed out that aa these andeaitee are described ae poe- 
H^saiog a grouDdmaae "originally very glaasy'' they deserve id cod- 
aistency the prefix apo as much as do the devitrified rbyolitee. This, 
however- is not the serious difficulty with the term andesite, that it 
doea not indicate the alteration subsequent to conaolidation. Are these 
volcaniceofaDdesitic composition? The analysis of what was consid- 
ered the most basic type (p. 33) can scarcely l>e considered that of a 
normal andesite. The analysis is as follows: 

SiOa 63.K 

TiOj Trace 

AI^O^ 14.89 

Fe^Og 6,54 

FaO None 

MgO 0.82 

CftO 0.59 

KjO 4.79 

Na^O 4.47 

PjO, 0.61 

up (by PbO) 2.67 

COj 0.78 

Loss by ignition not accounted for by H2O and COg 
aod including small amounta of CI and F of apa- 
tite 0.53 

99.f)3 
The high alkali percentage and the extremely insignificant amount of 
lime present in the ruck quite preclude the predominencc of a basic 
feldspar. The lime is abnormally small even for an alkali feldspar rock. 
The amount of PjOj (0.61) present in the analyRls, demands, to form ap- 
atite 0.72 parts of CaO. Allowing tor a reaeonabit^ aiuount of error 
the limn still falls nhort of what is necessary for the apatite and for the 
calcite mentioned by the author and indicated by the percentage of CO^ 
if the CO; ia all combined with CaO. 

It was from the presence of this calcite that the basic character of 
the feldspar was inferred, but presumably the ferromagnesian constitu- 
ents, which were described aa normal hornblende or augite, contain 
lime, which might give rise to some of the calcite. Both this analyaia 
and that of the aporhyolite (p. 51) indicate anortboL-lase as the predom- 
inating feldspar. In the other types described as andesites the feld- 
spars are said to have the extinction angle of labradurite approaching 
andcsine, of labradorite and of basic andes ne. In these ca«es the test 
of analysis has not been applied, but in the single case where an analy- 
Rts was made the composition seems to l>e that of a trachytic rather 
than an andesitic lava. 

(3) The lavas with « porphyritic structui'e are termed porphyries, 
wbether acid or l>asic. Thus porphyry becomes a term merely indica- 
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tive uf structure aod porphyrite is abaodonef) altogether. Although 
this usage ie atlfwiited by the leading Atuericao petrographerp, it seems 
to the reviewer to lose in precision what it gains in simpliuity. 

Dr, Smith cloens his dissertHtion with a compreheoeive sketch of the 
geotofpc history of these islands. Alouf; the biirilRr of the Arcadian 
trough of sediineiitation volcanic outbreaks miRht be expected and the 
prexenee of aucieot vol canics along the Atlantic coast has been recorded. 
Fox islands swell the list of localities for these votcanics. Pre-Niagara 
volcanic activity, giving rise to the North Haven greenatones, was fol- 
lowed by Niagara sedimentation. Subsequent to this, and even within 
Niagara time, vulcanisu was again active when the porphyrites. and 
later, the acid volcanics were erupted. The history closes with the De- 
vonian intrusion of the granitic, diabasic and dioritic masses. 

Six photomicrographs, illustrating excellently some typical micro- 
etruotures, and a geological map of Fox islands, based upon sheets .IGS 
and 310 of the U. S. Coast and Geodetic Survey, accompany the thesis. 
Thie presentation of the results of a painstaking investigation is emi- 
nently readable, because of its clearness and freedom from confuting 
details, and thoroughly admirable in the judicial tone of its conclusions. 



Till frAgiin oni foa/oritlagreng iipplrdiiande och fOrebomsf i de gfo- 
logjskaf'n-matioiierna, at Herman HedstrOm(Geol. fOren, i Stockholm 
fOrhandl. Bd. 18, h. 7. pp. SCO G20, 8vo. 5 figs. 189C|. In this article de- 
scribing the appearance and the mode of occurrence of the phosphatic 
deposits in geological formations, we have the complement of that of J. 
Gunnar Andersson, issued a yeur earlier from the press of the Univer- 
sity of Upsala. This article is professedly antagonistic to the earlier 
one, and sets forth He<]etrOm's views on the origin of phosphates, with 
illuBtration from Swedish localities. The article is divided into six 
sections which we take up in order. 

1. On a conglotnenUe in the lower pnrt of the glttuconite liTn^Ktonp of 
the Siljan'a Silurian. [Siljan lake is in the Dal district of northern 
Sweden]. This section shows (based upon a weather surface of grauite 
rock) a conglomerate bed about two feet thick with boulders of various 
elastics, and small nodules of phosphate. The rock also contains very 
sparingly distributed, eianiples of the brnchiopo<] Otmlua apoUonis, 
near which the phosphate is apt to occur. Above the conglomerate is 
a thin bed (about 6 inches) of glauconite sand, supposed to be equiva- 
lent to the Ceratopyge limestone. The bed is about equally made up 
of glauconite grains and clay slate. No more than these two beds can 
be considered as Cambrian ; the rest of the section is the Ortboceras 
limestone, at the base of the- Ordovician— clayey in the lower part, but 
becoming more calcareous higher up. The lower land probably the 
middle) Cambrian is absent from this section, and the phosphate nodules 
occur iu both the glauconite sand and the limestone above, as well as 
in the conglomerate at the base. HedstrOm says there are distinct evi- 
dences that the glauconite and limestone beds transgress on the OI>olus 
conglomerate, and that the phosphate in them may be derived from 
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the conglomernte. This ie in support of the view everywhere exprefSQd 
in the Article that phosphate isa littoral formation. 

2. Oil chalcedony jiebblea in gUtucoinle limftlone-Conglomerale at 
ikiUerOn. The interest in these chtilcedony pebbles reste on the taut 
th«t some of them c-ontain micro organ isms, aiuoDtj; which some an 
like forauiinifera, others resemble bryozoanB, etc., but the coajmoneat 
are spicules of siliceous sponges: of the nature of these there ia noques- 
tion [figures are given of these, they are nioatly heiactins]. Some of the 
fossils found he eaya are with certainty to be referred to lUiintuliles,* 
Herr HcdslrOm appears to think that these chalcedony nodules did not 
originate in the bed where they are found, but have been derived from 
an older formation (Cambrian!] by erosion. 

3. On the occurence of phnnphatie eoncretuins in iccent sediments. 
Id Ihia is discussed the distinctions between shore deposits, shallow sea 
deptiaits and deep sea deposite; with many references to the work of the 
C'hatlenger expedition, and of the depths at which phosphate bearing 
se<)iment had been met with. 

i. On the. probable oriyin ami btiildiiig up of phosphaiie. layert. 
The most common opinion on this pi)int is that the mineral phosphate 
of lime is di-rived from organisms that secrete pbosphorun. .\t the 
present time it may t>e derived from the bones of animals living on the 
land, or from the excrement of birds; or ma) lie formed from marine 
organism, as bones of fishes, shells of crustaceans and brachiopods. 
Sea water now operates on similar remains rich in phosphorus more or 
less directly, so that the phosphoric acid is released and combines with 
iron or limo in the water. This material forms adhesive gelatinouB 
dropB, which have the pame qualities as colloid bodies, namely to stick 
to^'ether and form concretions. Somewhat analogous (to the mode of 
growth of phosphate nodules as described by Dr. John Murray in the 
Challenger report on deep sea dejioeits) seems to l>e the mode of accum- 
ulation of the chalcedony nodules in the green limestone conglomerate 
of Dalamia (described above); although the condition there has been 
yet more favorable because hydraled silica in even more a colloid body, 
.\fter describing two methods by which phopphate nodules are pro- 
duced, viz: the accumulation in a colloid form, and the. replacing of 
carbonic acid in lime by phosphoric acid, Herr HedstrOm proceeds lo 
speak of variims sources of phosphates in later formations, and at the 
present time, and finally decides upon the shells of Inarticulate Brach- 
iopoda as the chief source of phosphatic deposit in the early CarubriaD. 
He gives many quotations from authors who have written on the sub- 
ject of phosphate rocks, both of past geological ages and of the present 
time. Herr HedstrOm claims that all the original geological marine 
phosphate deposit have been formed in the littoral zone, giving the fol- 
lowing reasons: (a) They occur with coarse sediment, congluoierale, 
gravel and sand, lb) That phenomena sometimes accompany the Je- 
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pnait indicating that it was formed at the margia of the sea, or on land. 
icj The nodules of pbuephate commonly rest od the surface of an un- 
derlying bet] [formationf] etc. |d) The occurence in the phosphate 
layer of fossils from other and older formRtioDS, (e| The appearance of 
the phoaphatic layers in company with terrestrial or littoral orguDiams. 

5. Oil the Incurrence of jihasphutei at the biiundarg beiieeen the 
i'ambriaa and Lower Silurian tn Neriko and Wexi Ootland. Hen. 
J. G. Andftraeon in describing these deposits stated that they were 
formed in a shallow sea, and tbat tbe phosphate was obtained from 
the underlying Peltura bed by chemical corrosion of the bituminous 
limestonex in this shallow sea. Herr. HedstrOm combats this view, 
referring these phosphates, as in the other case, to erosion of the beds 
on a sea shore. Thin author differs also from Andersson on the condi- 
tions under which glauconite was accumlated with phosphate deposits, 
and contends that it wai not formed in a shallow sea. out along shores, 
quoting occurences of this substance noted during the voyage of the 
Challenger, etc. Th^' facte known however hardly seem to support 
tbisviaw. The authjr however remarks th:it studies of the marine 
deposits of the littoral regions have not been made with the same thor- 
ougbneBs as those of the deeper seas. 

6. Remark* on cliiin:/eK of lecet ill C'lin'irian and Sitafiaii liniea. 
Tbe author claims proof of such changes of level from the corrosion of 
the Lim'tatun limestone in Kast Gotland: from the fact that the Ortho- 
ceras limestones are congiomeritic in some places, the way in which 
parts lonlyl of thin shelled fi)SBils of this limestone are preserved; from 
the way in which its cepbalopods are heaped together, etc.: and also 
the alternating of littoral and deep water sediments. 

Various other points in relation to corrosion holes in the limestones, 
are discussed, and it is well for those interested in the study of phos- 
phatic and glauconitic deposits to read this paper in connection with J. 
Gunnar Andersson's of 1895, reviewed in this journal in February last. 
Both articles are based on practical studies ofCambrian and Ordovician 
terranes in Sweden. ' o. f. u. 

Tabten far the Determinittinn of Minerals by pkysieid properties an- 
vfrUiinable with the aid of a few fifld inntnimentn. By PERatFoK 
Frazer. Ilth edition, xii and iai pp.: Philailelphia. J. B. Lippincott 
Co., 1897.1 These tables are based on the system of Prof. Dr. Albin 
Weialiach, but in each edition, and especially in this. Dr. Frazer has 
made Bucb changes and additions aa the slate of tbe science of mineral- 
ogy would warrant and such aa would best adapt tbe tables to the use 
iif Americans. Ab indicated by the title, the Iwok lays no claim to an 
extended treatise on minerals, but it does claim, and tbat with justice, 
to furnish an aid to the ready determination of minerals by the use of a 
few simple instruments. Tbe cbaracteristies depended on are lustre, 
color, streak, hardness, tenacity, crystal system, habit, structure, cleav- 
age and fracture; and to these arc added chemical tormulie and remarks, 
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the latter including specific gravity, aimple reactions and aseocialed 
mJDeralB. Tbe tables are arranged in the form of a key, sbonioK (ll 
miaerals of metallic lustre, whit/h are turttier divided according to 
color, l2j inineralaof BUb-metaliic and noD-motallic JUBtre, divided fur- 
ther as to color of streak, and (3) minerals of non-metallic luelre and 
white or gray streak, divided further according to banlneas. FoUofting 
the lablea is a aupplement with tbe various minerals arranged in alpha- 
betical order, accompanied by their chief physical characters. A his- 
torical table of elements, scales of hardnens and fusibility, and a very 
complete index flnieh the book. 

The above outline of the scope and plan of this book is sufficient to 
show its useful character and its adaptability to the general student. 
prospector or amateur, and also to the (,'eologist who wants a ready and 
simple means of determining minerals in the field. The fact that Ihese 
tables have reached their fourth edition shows that they are appreciated 
and widely used, and tbe improvements in this last edition bespeak fur 
it a much wider use. l'. s. g. 

Qeohgv AUa» of the United StnteM. Yellowstoite National Park 
Folio, Wyoiaini/. imiH, A general description introductory to tbe map 
sheets is given by Arnold Hague, treating of the geography, topogra- 
phy, and general geology. An outline of the characters and occurrence 
of the Be:limBntary rocks is presented by Walter Harvey Weed, and a 
similar chapter on the ign'ioua rocks by Joseph Paxon Iddings. Three 
sheets of illustrations showing characteristic scenic, geologic, and topo- 
graphic features, serve as a further introduction to the maps. The at- 
las sheets are eight in number, four being devoted to the representatioD 
of topngrapby with contour intervals of one hundred feet, and (our ti> 
detailed areal geology. The scale is 1-125,000, c. R. B. 



CORRESPONDENCE. 



r Dr. ORiifSL.Er. Some criticism baa been made 
on tbe article on the sufagect of Metamorphism in the January Geolv- 
otST, t>ecause due credit was not given the late I>r. G. H. Williaois fur 
the classification of metamorphic processes and the definition ot tbe 
word gneiss. The definition of this last word was given by me in a 
former paper on the granites of Maryland, at thr- suggestion and with 
the full consent of E>r. Williams. The claseihcatM)n of processes was one 
used by biin in his lectures, and while it is always a pleasure for *be 
writer to yield homage to tbe memory and influence of that inspinn^ 
teacher, it seemed Ui him unnecessarj in the present instance to reaf 
Arm this. The object of the article was to giie in a popular style some 
insight into a difficult subject and to correct the iinproi>er use o( cer 
tain terms among many of our science teachers. As the article was m 
no way intended as an original tiontribution to knowledge, it was 
deemed beet to omit all references to authorities. G. P. GRiHaLKV- 
Topeka, Kansan, Ffb. 1, 1897. 
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PERSONAL AND SCIENTIFIC NEWS. 

JoHEfii EwiNO MacFakland died in BHltimnro, Md., Jan. 
33d. He wttP connected with the U. S. Gefilogieal Survey and 
jiftd bi-en doing field work in Tennessee. 

The JocuNAi. of School Geookaphy is the name nf a new 
ptiblieation edited by Prof. K. E. Dodge, of the Teaohers' 
College, New York city, asaipted by Meaerp. W. M, Davis. C. 
W. Hayes, H. B. Kiimmell, F. M. MeMurry nndR. dcC. Ward. 
It ie published at 41 Queen St., Lancaster, Pa. 

Dr. G. F. ItECKER'n puper on " The iletenahnif.ion of feld- 
spars under the microscope by the methiidx of Michel-Levy," 
which waa preaented before the Geological Society of Wash- 
ington Feb. 26, 1896, ia to be published in the report on the 
geology of Alaska in the 18th annual report of the IT. S. 
Geological Survey. 

The Geological Society op London hae made itsawarda for 
this year as follows: Wollwston medal. W. H. Hudleaton; 
Murchison medal and part of fund, H. B. Woodward: Lyell 
medal and part of fund, G.J. Hinde; Bigshy medal, Clement 
Reid; Wollaaton fund, F. A. Bather; balance of Murchison 
fund, S. S. Buckman ; balance of Lyell fund. Joseph Lomas 
and W. J. Lewis Abbott. 

Prop. Johann Aogumte Strenq died at Giessen on Jan. 9th. 
He wae well known for his work in mineralogy and chemistry, 
and from 1867 to 1895 occupied the chair of mineralogy at 
the University of Gieasen. It 1877 he published in the Neue» 
Jnhrbuch, in connection with J. H. Kloos, an extensive paper 
on the crystalline rocks of Minnesota. Later this paper was 
translated and printed in the 11th annual report of the Geo- 
logical and Natural History Survey of Minnesota. 

Sir Archibald Geikib will deliver six lectures on the prin- 
"iples of geology at the Johns Hopkins University, April 2lBt 
to 27th. The lectures will be given in the geological labora- 
tory at 5 p. ni„ and a public lecture will be given on the 
evening of April 27th. This lectureship is establiahed in 
memory of the late Prof. G. H. WilliuraB. After the lectures 
arrangements have been made for a four days' excursion 
(April 28th to May 1st). The typical geologica"! localities of 
Maryland will be visited and an opportunity will be afforded 
to examine the seveiiil formations of the Coastal plain, the 
Piedmont plateau and the Appalachian region. Special rates 
will be given by the transportation companies to auch geolo- 
gists as may desire to go. 

New York Acadehy of Sciences. 

The Geological Section met Jan. 18 and listened to the pa- 
pers, of which abstracts are given below. Both will appear in 
full in the Transactions, 
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J. J. Stetesbon. " Notes on the Geology of the BermudaH." Afler 
deseribiD^ tbe eevprnl types ot rock depiieits »ad their relatione, as vtW 
as the BUrfaee features of Ibe area. Prof. Steveneon offered the fcillowlDg 
concluBiona reBpeutiog tbe Buet'eiiaive conditioua: 

First: The limeatone, or "base rofik" ot the ialaod, was formed bj 
aL'cuaiuIatioD of dune sand. During a prolonged period of quiet, the 
rock underwent great erosion, both surface and (iubt«rraDeaD-. the col 
lapaine of cavern roofa caused great "Hioke," eome of which, no doubt, 
Btill exist as sui'b, though tu diatinguisb them trcm those of later origin 
would be difficult. 

Secoiiil: A period of subsidence followed, during which the land sank 
120 feet or more. Marine depoaita encroached upon the land. iDtrnding 
inland through valleys, thus giving beach rock at widely separated lo- 
calities and in somewhat anomalous positions. 

ThinI: Succeetling this was a period of quiet, during which the sand 
stone was formed, at the liiueetone had been, by accumulation of dune 
send, and tbe great "sinks" were filled up, as tbe basins of Castle har- 
bor are now filling. 

Fourth : .\ period of elevation followed, during which tbe land muet 
have risen to at least its former level. Tbe old subterrauean drainage 
systems must have been re established in many instancfs, and the for- 
mer depreFsions clean«l out, while new systems may have been formed, 
causing new groups of depresnione. 

Fifth: This was succeeded by a period of s^ 
the land sunk to very nearly the same p<.«ition « 
subsidence in the previous period, the highest n 
only a few feet above Ihe water's edge. The mo 

water began in the deeper depressions, early in the period, but they as 
sumed their present forme, due to shore erosion, only in the later por- 
tion, when the subsidence was very slow, and evidently interrupteii 
more than once by prolongeil periods of quiet. The paper was illus- 
trated by tbe lantern. 

Akthub Hollick. ^'Tbe Geoli^ical Section at Cliffwood, N.J." 

Mr. Hollick described the Cretaceous clay marl in the vicinity of 
Cliffwood, New Jersey, one of the localities where the fauna of the ho- 
rizon has been collected and the only one at which any forsil pliDls 
have been found. 

The strata in uuestion are tbe equivalent of the Matawan forualion 
ot Prof. W. B. Clark, which repreaents the transition from the plastic 
claye of the Raritan formation below to the greensand marl above, and. 
as may be expected, shows a commingling of fresh water, land and ma- 
rine conditions. The specimens collected consist of crustaceans, leaves. 
fruit and twigs ot trees and masses of lignite. The crustaceans are ton 
fragmentary for exact determination, .\bout 15 species of molluake 
were identified and 26 species of plants, the majority ot the latter be 
longing to the Coniferje. Of these, nine are here described as new spe- 
cies. i?he paper was illustrated by maps of the region, drawings of the 
specimens and tbe specimens themselves. J. F. Kemp, Secrettiry- 
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PHYSIOGRAPIC GEOLOGY OF THE PUCET 

SOUND BASIN. 

Es James P. Kimball. Nev York. 

PUte III. 

I. 

The discovery in Douglass county, Oregon, of unconformity 

between beda of the Sh&stu-Chico group an4 overlying marine 

Tejon strata serves to denote more or leas of a physical break 

between the Cretaceous and Eocene on the Pacific border.* 

Extension of the po^t- Cretaceous or post- Laramie elevation is 

thus indicated, as well as correlation of the Tejon with the 

Eocene. No similarcontact unconformity in the Puget Sound 

basin has yet been brought to light. The upheaval, as a rule, 

of the productive lignitic series on the flanks of massive erup- 

tives in the elevated border of the basin, militates against the 

occurrence of undisturbed unconformities. A single basal 

unconformity of that eeriee, with ancient crystalline schists 

on the Skagit, is noted by Willis, | but with no certainty as 

to whether due to original deposition or to faulting. The 

lees elevated and less disturbed marginal developments of 



tReport Tenth Census, XV, p. 71 
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presumably the eame Beries south of the sound, and again to 
the northeast opposite the strait of Georgia, the farther away 
from axes of uplieaval, are under topographical conditions 
extremely unfiivorHhie for display of anything of the kind. 
Effacement of Cretaceous and Tertiary sedimentB by glacial 
erosion and eventual replacement by drift are dominant sec- 
ondary effects throughout the area embraced by the channels 
and border of the marine basin where unconformity is natur- 
ally to be surmised from present identifications of both Cre- 
tiiceoiis and Eocene carbonaceous strata. Occasion will 'be 
taken to refer to deformation of basset edges of upper luem- 
bers of the upturned productive lignite series near Renton. 
overspread with schistose mat«rial, in structure bearing re- 
markable resemblance to a true unconformity. This material 
is correlated with an intrusive belt and thus seen to be part 
of a great overflow. 

Thtj present state of knowledge of the geology of the Puget 
Sound region has been summed up in several of the more re- 
cent minor publications of the U. S. Geological Survey. {Bul- 
letins Nos. 51, 82, 83. 84.) The principal original contribution 
from methodical field work, as eventually published in a pub- 
lic document, was mainly incidental t() a survey of the Wilke- 
son coal field for the benefit of a private corporation. {Tenth 
Census, 1884, XV, Report by Bailey Willis.) During the last 
two seasons a division of the U. S. Geohigical Survey has 
been employed in the field. The Seattle sheet on a scale of 
s been completed. The Seattle and Taconia sheets of 
._ — ^ are in preparation. To these sheets, 
which proofs have been executed, along with charts of 
the Coast and Geodetie Survey {Nos. 6,iO0. 6,450, 6,460), ref. 
erence may be had for an exhibition of the topography of the 
immediate border of the sound. Taken in connection with 
soundings of tideways, contours are practically significant of 
the high vertical range of the drift mantle, and of the degree 
to which it has been sculptured by erosion, {See plates.) 

A general outline of the physiography of the Pacific border 
in the higher latitudes has been given by Dr. G. M. Dawson. 
To the memoirs of this geologist in particular I shall have 
occasion to refer for a logical and historical foundation for 
certain of the following observations in western Washington 



the Geologic Atlas (-^ 
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and British Columbia — miicie, lio' 

at thn tirae, even knowledge of these important publicationp. 

Properly distinguished, the hydrographic basin of Puget 
sound i? developed wholly to the south of Deeeption passage, 
between Whidbey and Fidalgo islands, and opposite the delta 
of the Skagit, The wide difference in geologic, as well hh in 
physiographic, features to the north and south of this pas- 
sage will incidentally appear. Between the rocky develop- 
ment immediately to the south of the same gut and the Che- 
halis watershed, the devious ramification of inlets, collectively 
known as Puget sound, is compassed by an expanse over 50 
miles in width and ILO miles in length, forming the lower 
portion of a great orographic and probably orogenic valley 
between the Cascades and the Olynipics. 

In the present memoir it is proposed to show (1) that a 
portion if not the whole of this expanse was during the Eo- 
cene epoch an area of deposition of several thousand feet of 
marine Tejon strata. (2) That during a later Cenozoic epoch 
the same area was violently disturbed and the Tejon forma- 
tion tilted on edge, and extravasated with voiuanie material. 
(3) That during the later Tertiary epochs it was an area of 
denudation. (4) That it was substantially baseleveled mostly 
to below present tide level during the Glacial period, with 
the exception of a few isolated survivals of the upturned Te- 
jon formation, readily oriented as parts of a single uplift on 
the flanks of bordering intrusives. It will then appear (5) 
that, incidental to a sweeping erosion during the same period, 
an immense thickness of glacial drift was accumulated in the 
axial part of the basin, the catchment area reaching well up 
into the lower parts of present lateral river valleys among the 
foot-hills of the Cascades, and probably also of the Olympics. 
(6) That alternations of level subsequent to the Glacial pe- 
riod eventually resulting, incidentally to elevation, in in- 
creased gradients of the drainage system, brought aboutrapid 
fluvial erosion of the drift mantle and, necessarily, confluence 
of principal river channels toward the axis of the orographic 
valley or catchment area. (7) That submergence below sea 
level incidental to later depression was attended by flooding 
of the lower valleys of such channels, whence the final devel- 
opment of the upper tideways, hays and inlets of the present 
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HOund. From the clearest evidence of increKSed elevation of 
insular, and purtiall; insulated areas, wbere elTects of erosion 
due tn changes of level are the more obvious — as in raised sea 
bt^aehes and shell bedo, and, again, from redemption of delta 
depositB — it will finally be shown (8) that partial emer- 
gence incidental to re-elevation hits taken place during com- 
pariitively recent periods. 

It will also appear that the origin of certain great fresh- 
water basins on the eastern border of the sound was in com- 
mon with that of the present tideways, as above indicated, 
and that they have been cut off from the maritime basin by 
participation iu the moderate re-elevation already noted — 
probably tho last of the series of important regional oscilla- 
tions of level. 

The only survivals from baselevcting erosion which have 
come to ray knowledge are several outcrops within the outer 
border of the sound, as above limited and defliied, and mainly 
connected with what I may designate as the Restoration Point 
'uplift of the Tejon formation. 

As far as I am aware, and as also stated by Dr. White, hut 
a single outcrop of that formation has hitherto been made 
known to geologists.* This is an old quarry in soft, partly 
fossiliferous sandstone, known by Dr. White as Fossil bluff, 
near the mouth of the Duwamish river, at South Seattle. A 
number of marine mnlluscan fossils labeled as from this local- 
ity, in the possession of the Smithsonian Institution (Blatte 
collection) are referred by Dr. White to the Tejon epoch in 
common with all the Eocene strata recognized as such in Ore- 
gon. A collection of fossils and of Fragmental vegetable pro-" 
ducts from the same locality was obtained by me in the year 
1894. A much more prolific fossiliferous occurrence of the 
same formation will be indicated later on.f 

Non-fossiliferoua parts of the same formation, under a high 
dip to the northeast, are exposed at intervals for nearly a 
mile to the south, in the east bluff of the Duwamish valley, as 

•Bull. U, S. G. 8., No. 51, p. 31. 

tTbe labels of the " Blatte collection " iDstead of implyiDg two Bepn- 
rat« localities twelve miles apart, aa interred by Dr. White, duubtleae 
refer to the single cimspicuoue outcrop noted above. No lake in the 
region is known as Duwamish. (See Bull. U. 8. U. S, No. 51, p. 30; No. 
at, p. 106.) 
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far as Georgetown (Duwamish), In the same blutf, just 
above that euburbun village, these etratagive way to volcanic 
roek. To this particular occurrence reference will presently be 
made. The contact appears to ^e in the bed of a small cascade 
in the bluff back of the Martin place — a locality requiring 
some excavations for further investigation with reference to 
this point. 

Two miles south of Fossil bluff, on the opposite side of the 
river, at South Park, two prominent outlying survivals of the 
same formation are seen, one on the Puyallup road, and the 
other forming the eminence on which stands the Catholic col- 
lege. 

Other isolated survivals rise above the drift in the vicinity 
of lake Washington, one just north of Columbia, and the other 
just north of Brighton beach, at the water's edge. At the 
latter point it occurs as usual, under a high northeast dip. and 
contains a seam of lignite of inferior quality. Remnantf) of 
the same formation are said also to be present at the point of 
the opposite island (Merckr). 

A much more considerable survival of the same formation 
is a baseleveled tabular surface, about five feet above tide, at 
AIki point (Battery point). Here again, as in the Duwamish 
valley, the fnrraation is nearly on edge at the extreme point, 
and for some distance along the beach to the south, but tlat- 
tenirig out in that direction and gradually disappearing below 
tide. The marginal plateau has been denuded of all but a 
thin mantle of drift for several acres around the point by the 
action of the waves, at a former stage of somewhat lower ele- 
Tution, the degree of which is more exactly indicated on the 
opposite shore of the sound. Beneath the sod, as far as the 
rock could be stripped without implements, the surface is 
hard and smooth, but whether ice-scratched or not remnins to 
be determined. Just buck of the solid margin, at the point, 
drift bluffs rise to a hight of 400 feet. No other basal rocks 
appear above tide beneath the drift headlands of the West 
Seattle peninsula. 

The (iccurrence of the same formation at Restoration point, 
on the opposite shore of the sound, is the most prominent sur- 
vival nf Rolid basal rock within the limits of the marine basin. 
Along the ehores of the peninsula terminated by that point. 
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bBSeleveled bHBset edges of the whole sandstone series form a 
marginal plateau, some 15 feet iibove tide, like the tabular 
eroded surface at AIki point. Thus a low escarpment, fouror 
Hve times higher than at that point, is continuously presented 
back of the beacK as a natural ?ea wall, all the way round the 
point from Blaktiy harbor to Rich's passage. Back of the 
marginal plateau, the same formation rises in mural clilTs, 
some 300 feet. A complete section of some 3,000 feet across 
the strike is finely exhibit«d along the beach. The strike and 
dip of the whole series (Tejon) are uniform on both shores of 
the sound, the main channel having been eroded directly across 
the upturned belt. 

This belt, as a whole iechaiaoU-'rized by soft, heavy-bedded 
grey sandstone, occasionally fosciliferoiis and tarbonuecoiis, 
alternating with shaly, non-fossilifenius members, fissile, soft 
and highly frangible, and exhibiting a conchoidal fracture. 
Weathered surfaces are crimson and brightly variegat«d. A 
highly fosBiliferous member is a conspicuous feature at the 
extremity of Restoration point (Di-catiir reef). Like the fos- 
siliferouB bedat Fossil bluff, this is also, but less extensively, 
flecked with fragments of carbonized vegetable products. The 
two occurrences are lithologicully similar. On the Blakely 
barber shore, at the upper landing, a bed of lignite from two 
to three feet in thickness is exposed at low tide. Massive 
fragments from ablation of this seam are deeply Imbedded in 
a raised beach. A seam of lignite is said, likewise, to occur 
below tide south of Alki point. A similar occurrence at 
Brighton beach has already been n«t«d. This, like the fossil- 
iferous member, probably marks a distinct horizon at the 
several points mentioned. 

Uention may now be made of the interesting circumstance 
that the solid structure as presented in the promontory of Res- 
toration point is limited to that once insulated area. As a 
comparatively recent event, this area has so far been re- 
elevated as to connect its base with the main island (Bain- 
bridge). This is strikingly indicated not only by complete 
erosion of the sandstone series directly across the strike from 
the bead of Blakely harbor, and its replacement by alluvial 
material, but also by the raised beach which is a part of such 
replacement. This occurrence is well exhibited by extensive 



dbyGoot^Ie 



Qeoloijy of the Paget Sound Baniii. — Kimball. 231 

ulam beds six t^ twelve feet above tide and two and one-liul f 
feet below the toi> of tlie marginal plateau, and uncovered in 
tlie gullies as far back as 100 feet inland. The same beds ate 
lilearly exposed along shore in the bank for several hundred 
feet. Though extremely fragile, the shells are whole, and in 
a Rtate of perfect preservation. The pret^ent beach is white 
with their fragments. Two species are identified by Prof. 
Whitfield as followa: Saxidomiu giffanteaa (Deshayea), a 
Pleistocene form still existing on the Pacific coast ; and Saxi- 
(^omtui riffidits (Gould), occurring at Santa Barbara in raided 
beaches, and also a living form. 

Considering the habitat of these bivalves, along with the 
uniformity in hight of the baseleveled margin, and its allu- 
vial extension on opposite sides of the original islet, the 
measure of regional re-elevation locally indicated may be esti- 
mated as not less than 25 feet. Behind the #olid promoijtory, 
as remains to be explaine^d, a low eroded alluvial surface, at 
about the level of the sea margin, is followed by the carriage 
road to Rich's pns.iage. The same depression doubtless repre- 
sents a level which, in common with the ancient clam bed?, 
was submerged antecedent to elevation. A single baseleveled 
outcrop of the sandstone is obscurely seen in the road. Rich's 
passage, like the main channel of the sound, is excavated di- 
rectly across the Tejoii uplift. 

The peculiar configuration of the baseleveled marginal pla- 
teaus, so characteriatic of the topography, terminated by the 
few rocky points on opposite shores of the sound, and of all 
littoral survivals of that uplift, is, in the light of the above 
evidence of post-Glacial re-elevation, readily explained. 

The Restoration point uplift crosses the Point Glover pe- 
ninsula under uniform topographicsl conditions implying 
buseleveling erosion and subsequent re-elevution. Here, how- 
ever, itia seen to rise on the flank of an eruptive belt which 
likewise crosses the peninsula from a point opposite Nibbeville 
(Port White) with the same strike as the sandstone series — 
in line, that is, with Restoration and Alki points. While the 
northern contact of the intrusive belt, following a plane of 
stratification, is very sharply defined, the southern contact, 
for lack of opportunity, was not traced so as to determine the 
breadth of the belt. This can readily be done by examination 
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of the shores of Urchard point. On the north ehore, as I am 
informed by Mr. F. H. Whitworth of Seattle, the same eruptive 
belt is well exposed to a hight of over 100 feet, maintaining 
the same prominence as at Rich's passage. 

The litholngical composition and phjiiicul construction of 
thp dyke as exhibited within compass of the quarry are ex- 
tremely varied. The bulk of the mass may be described as » 
greenish hornblendic aggregate, granular andspherulitic, and 
in certain distinct divisions partially breceiated, and crumb- 
ling on weathered surfaces. Aphanitic material in suhietose 
form conatitut«9 other distinct divisions. Olivine, likewise 
present, is not witiiout significance in eonnection with the 
volcanic origin of the mass. 

The formation developed south of Georgetown on the Du- 
wamish, is of the same lithologicai type and divieiomil con- 
stitution, and is doubtless a survival of tlie same eruptive 
belt, to the extension of which is to be ascribtid the upheaval 
of the Tejon series. In tracingthat survival to the southeast. 
I shall take further occasion to refer to its advanced decay 
from weathering. 

On the north side of Blakely harbor, cemented gravel or 
conglomerate, made up of pebbles of crystalline rock, occupies 
the low shores on both sides of Blakely point. Itlakely rock, 
at the entrance of the harbor, is a survival of the same cement- 
ed gravel — otherwise practically baseleveled and preserved 
above tideonly in isolated masses in place, Divisional planes 
and courses of ditferentiated material serve to indicate a 
thickness of several hundred feet with strike and dip conform- 
able to the underlying Tejon series on the opposite side of the 
harbor. Hence the inference that the cemented gravel was 
upturned on the flanks of that series. A few hundred feet 
north ot Blakely point the cemented gravel gives way to drift. 

The aspect of the rock which sets in just south of George- 
town is casually that of a greenish, pebbly, clastic aggregate, 
cemented by similar material of finer consistency. This ap- 
pearance, however, is deceptive. Kaolinization and peroxida- 
tion of feldspathic and ferrous silicated contents respectively 
have resulted in almost complete disintegration of weathered 
surfaces. A key to the normal condition of the mass under 
cover is atTorded by a ledge obliquely croesiog the plank road 
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from the point where it makes its Arstappettrance in the ItlufF. 
Thatikfl to Mr. R. H. Thompson, city engineer of Seattle, the 
ledge which had been graded olf wae laid bure for my exami- 
nation. As at Point Glover, it is there seen to possess a di- 
visional strm^ure. A narrow zone of sound rock tlius visible 
is characterized by a porcellnnic magma mottled with spheni- 
lites. These differentiate in weathering. Hence the pebbly 
aspect as seen in the bluff. Certain decomposed divisional 
parts under cover are extremely cellular and quite unlike any- 
thing seen in the bluff, but of similar type to certain parts of 
the Point Glover belt. While the eruptive charaeter of this 
ledge is" pronounced, the pebbly, and in part brecciated, mn- 
terial first desuribc-d is with ditHculty identified, macroseopic- 
ftlly at least, as of similar eharacter. By gradation, however, 
it may be traced into sound ruck in a quarry at Cardniore, 
through a number of intervening outcrops in the bluff, which 
in that direction is broken into hills. Above Cardmore the 
same rock is preserved in prominences on both sides of the 
Duwamish. The identity of this bait with that ot Point 
Glover has already been indicated on grounds of uniform re- 
lations, strike, lithological character, and divisional constitu- 
tion. This occurrence has been described in some detail 
because it differs extremely from all other eruptive products 
which have come to my notice in the elevated border of 
the sound. These are generally of the types of diabase and 
basalt. 

According to Mr. Thompson, Wing point on Eagle harbor 
(Bainbridge island) is of solid formation. Basaltic survivals 
ur6 reported by Mr. Whitworth at the head of Sinclair inlet, 
and again about midway of the north township line to the 
west (R 1 E., T. 23), and also directly to the north on the 
next township line. Hood's canal at the base of the Olympics 
is well known to be bordered on the west by a long stretch of 
basaltic rock between Lilliwaup river and Quilcene bay. Sim- 
ilar rock is said to be exposed at Dewatto bay on the east 
shore of the same inlet, and again at Hood's head. 

At Volcano point. Double bluff, as I am informed by Mr. 
Whitworth, a aeries of soft sandstones is exposed near tide. Im- 
bedded in a seam of lignite within this series were found sev- 
eral years ago, according to this observer, vertebrate remains. 
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said to be of a mastodon, — thun, as far ae the evideoce gofs, 
indicating Pliocene relation?. Rockj sonndinge not«d on the 
Coast Survey chart No. 6,450, between this lot^ality and Foul 
Weather bluff, probably Indicate eroded surfaces of the saoie 
str:ita. Invertebrate fo^isils are reported by Mr. Eugene Kick- 
seeker, of the Lake Union, etc. Ship-canal survey (U. S.) on 
DogHsh bay. Orchard inlet. An isolated body of coralline 
cement (limestone) surrounded by drift is said to occur 12 
miles up the Puyallup valley at a point known as Lime Kiln, 
and so designated on maps. Such a survival may not be 
without significance in connection with the Tejon uplift on 
the same line.* 

Outcrops of solid rock here described, together with re- 
prirttd occurrences as above noted, are the only survivals of 
whivh I have been abln to learn within the generally baeelev- 
eled area embraeed by the marine basin of the sound; south, 
that is, of the basaltic development forming the border of 
Deception passage. All other land surfaces, so fur as I am 
aware, including the immediate border of the sound, are wholly 
covered with glacial drift of great thickness. 

The distribution of baseleveled and eroded surfaces below 
tide, especially in the lower part of Admiralty Inlet, is indi- 
cated by the Coast Survey charts. 

Covering a considerable part of the State of Washington, 
embraced by no other publication of the kind, the general ge- 
ologic map prepared by the Geological Survey of Canada from 
surveys made from 1842 to 1882, indicates the shores of Puget 
sound, as well as the wide expanse embraced by the lower part 
i)f the Columbia basin, as sedimentary Miocene. 

As to tlie Puget sound basin, this appears to have been on 
the evidence of earlier determinations by Newberry, Lesquer- 
eux and Heer, of several collections of fossil flora from car- 
bonaceous strata on Bellingham bay and vicinity, which 
iilthflugh sometimes still referred to the Miocene, are probably 
undistinguishable from the Chico portion of the Upper Cre- 

'Oceurreucea of Aucella at Seattle, and also on Vaslion island infrag- 
□lental blocks, as reported by Mr. Dlller. were for obvious reasons 
doubtlPBB erratic. An occurrence in place on the Skagit, B.C., is re- 
ported by Dr. Daweon, 

Diller: Bull. G*ol. Soc. Am., iv, p. 217, 

Dawson; Desc. Sketch, p. 51. 
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taceous, or the Piiget group of White,* Reference of strata 
of the lower Coltimbia basin to the Miocene remains untines- 
tioned. Marine Miocene is identified on Willapa bay. 
. The same extensive area south of the 50th parallel is broadly 
denoted by Dr. White as a Cretaceous margin of the Cascades 
so as to eorapiiBs the outer limits of known isolated survivals 
of the Coal series, as well as the drift area, but on too minute 
a scale to distinguish the Tejon series, an outcrop of which ot 
a single point only had already been identified by this author- 
ity by means of the Blatte collection of fossils. 

Survivals of sedimentary formations and eruptives beyond 
the immediate border of the sound, and also in eroded chan- 
nels east of lake Washingron, In flic foot-hills of the Cascades, 
cannot here be dettiiled. 

In the divide between Inkea Washington and Samamish, 
the Gitnian monoclinal coal series is uplifted on the north 
flank of an intrusive mass. Several other uplifts, preeuinabiy 
of the same series, are exposed to the eastward on the waters of 
Snoquiilmie river, together with bold massifs and lesser promi- 
nences of eruptive rock. In the divide between Cedar and Black 
rivers, near Renton, occurs an expanse of coal-beiiring strata, 
a deformed and eroded surface of which as above noted is 
overflowed by volcanie material in bedded form, and litholog- 
ically identical with the spherultic intrusions on the Duwam- 
ish, and probably a part of that plutonic development. The 
schistosity of the overflow produces a striking semblance of a 
sedimentary unconformity. Farther toward the southeast are 
developed several uplifts of coal-bearing strata, mostly mono- 
ciinal, constituting the well-known coal areas of upper <>dar 
and Green rivers, together, in mostcasos, with the usual basal 
accompaniment of eruptive bodies. These, however, are be- 
yond, and at considerable elevations above, the sound, and 
therefore call for no description in the present place. 

Renton is on the edge of the immediate solid border of the 
marine basin and the point at which the Tejon uplift is recog- 
nized nearest the productive coal series, namely, at Brighton 
beach. The locality is at the lower end of lake Washington, 

•Bull. U. S. G. S., No. 8t, p. 231; No. 82, p. 197. 

CollectioDB hy goologiate 88 folio wb: Gen. Gibbs (Boundary Comrais- 
eion); J. D. Dana (Wiikes Bx[)lorinji( Expeditionj; John Evans (U. S. G. 
S., Territory of Oregon). 
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in the fork of Cedar and Black riven?, the latter flowing into 
the Duwamish and unitini^ the overflow of the lake with the 
waters or the former. Above the junction of Mluck river the 
Duwaiuish takes the name of White river, which heade in tlie 
glaeierf of Mt. Ranier. 

On the south side of Cedar river uaiion, eroded from the 
stilid table land, the old Renton colliery was opened near the 
mouth of that river. On the opposite or west side of the 
same subordinate watershed was opened tlie Ren ton Talbot 
eolliery, and on the southern slope that of the present Renton- 
( 'o-operative Co. The following is a section of the Coal series 
under a dip of 16" to the east and a strike nearly at right an- 
gles to that of the Tejon series at Brighton beaeli (N. 22" E.) 
between which point and Renton there thus appears the prob- 
ability of uneonforniity of the two series. 

1. Upper barren shale« and sandstoneB of which an eroded 

and channeled surface of basset edges is uniforraly over- 
flowed with Bchiatose eruptive. This ie in an itil- 
vanced state of disintegration from weatherin); 500-|- ft. 

2. Coal No. IC'Old Renton colliery") 14-16 ft. 

II. Shale, elate and eandetone 30 fl.^ 

4. Shaly foesiliferous sandstone (bivalves) i\ ft. 

5. Shaly foasiliferoue sandstone with leaf impreeeiuDS 5 ft. 

*6, Coal No. 2 (" Old Renton coUierj- ") 8-10 tt. 

7. Shale and micaceous sandstone 62 tt. 

8. Coal No. .3, Renton (Talbot, and Co-operative Co.) H-H ft. 

9. Coarse Rrey sandstone, air-slacking, with three thin 

seams of lignite, as shown by boring 5(K) tt. 

On the opposite bank of Cedar river, around on the slope 
which rises from the lake to the Newcastle plateau, edges of 
lignite-hearing strata are nearly horizontally presented half 
way up tliL' slope. The actual dip, however, is conuealed. 
Whatever this may be, unconformity with the Renton series 
is here again conclusively implied. 

The discovery and definition, as above set forth, of an im- 
portant separate development of marine Tejon (Eocene) strata, 
only slightly carbonaceous, as well as of inferential or con 
structive unconformity with the productive lignite series of 

*Xn seam No. 2 was found, lengthwise of the ^ngway, the stump of 
an imrueuse tree in progressivestngeeof alteration from comparatively 
sound bark and woody fibre toward the butt to silicifled products only 
sli)chtlr bituminized toward the smaller end. This occurrence is de- 
scribed by Mr. Whitworth, who furnished the above section, as undis- 
tinguishable from the existing species of native cedar. 
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the Piigpt sound border, tends to iiegntive tlio tht-ory which 
H^signfi thnt series to u relation transitional between the Mee- 
nzoie and Cenozoic formutionii. On BtnicturHl grounds at 
least, its upper limit seems to be no higher than the Chico or 
superior portion of the Upper Cretaeeous of the Roulhern Pa- 
ciflf border, in common with that of the Carbonaceous series 
of eastern Vancouver and the strait of Georgia. 
{To be continued.) 



ESKERS INDICATING STAGES OF GLACIAL RE- 
CESSION IN THE KANSAN EPOCH IN 
NORTHERN ILLINOIS. 
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Now. while the evidence clearly proves that the esker ma- 
terial was not gathered From the till of the viuinity. it may be 
claimed that it was derived from englaciul lopiil drift which 
was carried up into the body of the ice at some distance eiist of 
this district, and which, by the ablation of the peripheral por- 
tion of the icc'sheet. became euperglacial and was swept into 
the streams flowing over the ice. This hypothesis, however, 
is effectually disposed of by a study of theengiaciat drift of 
the district. On the south side of the Pecatonica valley, east 
of Ridott, certain high flat-topped ridges have had their re- 
siduary clay and ciicrt abraded from them, but the ice failed 
to deposit its ground moraine over them. Upon the final 
abandonment of the region, all the englacial material which 
the ice contained over any given spot must have settled dowa 
upon these ridges of bare rock. The finer portion of this en- 
glacial material was largely removed by subsequent subaerial 
erosion, but all the pebbles and boulders over one inch in di- 
ameter must still remain on these ridges. Some of these areas 
of nearly bare rock cover eevenil squure miles, and we find 
scattered over them a small amount of well rounded foreign 
material and a few erratics of boulder size. Over the gravel 
beds and over the till or ground moraine of the entire district 
Jhese scattered boulders are found in about the same propor- 
tion as over the ridges of nearly bare rock, besides a small 
amount of pebbles of lesser size. We are thus able to deter- 
mine, with a tolerable degree of certainty, the following facts 
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about this englticial and siiperglacial drift: 1. Ite tnlal 
amount (excluding clay nnd Hne sand whicli liavo been largdv 
removed by subsequent erosion) would not make a uniform 
layer over the entire district exceeding one inch in thickneSE. 
To remove all element of uncertainty in the statemeut, I will 
replace it by live inches. '2. Among tins material exceeding 
one inch in diameter. Galena limestone does not make up a 
tenth part of one per cent. During several years' residence 
in this district, and in repeatedly traversing it, I have found 
sevenil hundred erraties of Niagara limestone, but less thsna 
score of boulders of Galena limestone, which could clearly be 
traced to the englaeial drift. 

Having satisfactorily determined that the greater portion 
of the coarser material in the esher ridges wns derived nei- 
ther from the englaeial drift nor the ground moraine, hut by 
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be determined with some certainty, and in a large proportion 
of these cases the gravel is now higher than the point from 
which it was eroded. In the case of the knolls containing 
Freeport gravel, it was probably raised to a hight of at leasl 
90 feet, but we cannot tell in how short a distance this was 
accomplished. A careful study of the entire district, how- 
ever, will convince anyone that the streams sometimes raised 
coarse gravel to a hight of 100 feet within two miles; or, to 
be within the limits of absolute certainty, we may reduce this 
to 26 feet per mile. Now it is obvious that the esker stream 
flowed witli a strong current from the place where it eroded 
the material to the place of its deposition : and therefore, if 
in an ordinary channel, it flowed down grade. This would 
require a most remarkable amount of tilting of the district to 
account for the raising of the gravel. Were this a geologic 
province subject to profound orogenlc movements, we might 
seriously entertain this hypothesis ; but there is absolutely no 
correlative evidence of it. On the contrary, if we may judge 
by analogy with later glacial epochs, our district was at the 
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time, if warped at al), tilted toward the northeast, instead of 
toward the southwest, as the phenomena of the gravel knolls 
would require. 

Even if we were to consider it not fully proved that the 
material of the knolls has been carried to a greater lilght than 
its original position, we have another way of determining that 
these streams eroded material from a lower level than their 
outlets. The it-e occupying and completely Ailing the lower 
portion of the Pecatonica basin compelled the drainage to 
pass over the divide which separatee it from the basine of 
Plum and Apple rivers. We cannot be mistaken in the direc- 
tion of flow in the glacial streams, for it is obvious that this 
direction coincided with the trend of the esker ridges and 
belts, and it certainly was not againfit the direction of ice- 
movement or Into the body of the glacier. The westward 
flow is further indicated by the manner in which the second- 
ary belts join the main belts, in the prevailing westerly dip of 
the strata, and in the many cases where the origiu of the 
coarse material can be traced to the east. Now the lowest 
point, at present known, on the above mentioned divide, is at 
least 125 feet higher than a point in the Pecatonica valley 
where a stream eroded material by the action of a strong cur- 
rent. Consequently, unless our knowledge of hydrostatics is 
entirely at fault, only two hypotheses can be advanced in ex- 
planation of the phenomena, namely, that the district was 
tilted strongly toward the west and southwest, or that the 
streams resulting from the melting of the ice "flowed up hill." 
As all the evidence negatives the idea of a tilting of the re- 
gion, the latter hypothesis must be adopted, which, of course, 
implies that the stream channels were covered by ice — were, 
in fact, tunnels — and that the powerful force displayed by 
the currents which flowed in them was due to hydrostatic 
pressure. (This theory of the formation of eskers in other 
regions has long been before the geologic public, so that I am 
not taking new ground in applying it to the esker phenomena 
of northwestern Illinois.) 

It is supposed that the surface of the ice-sheet, under the 
influence of a milder climate than that which formerly obtained 
in this region, melted freely to a distance perhaps fifty miles 
back from the margin. The streams thus formed flowed on the 
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surface in deep channels until they encountered n crevasse or a 
nioulin, when they descended to a position at or near to the 
base of the glacier, and thence they continued on their way to 
the border. This latter portion of the course was in a tunnel, 
which, near itP western end, came down so low as to encounter 
the surface of rock ridges, and in at least one case reached 
deposits that probably lie buried under the present valley 
bottom. As the season progressed and malting increased, the 
tunnels were not large enough to freely carry oif the drainage, 
which caused a ponding of the water in the crevasses of the 
ice at some distance from its border. The pressure of this 
ponded water forced the subglscial streams through the tun- 
nels with great force, and their powerful currents eroded the 
rock ridges and other deposits which they encountered. 
sweeping them forward and suddenly dropping them at or 
near the mouth of the tunnel, where the pressure was removed. 
This is the groundwork of the theory, but many of the details 
remain to be filled in. 

The deposition of the stratified gravel and sand beds be- 
longed to the general recession of the ice-front, and rarely ever 
to its advance. Their interior shows that, except in very few 
cases, they were but little disturbed by the f()rward movement 
of the ice. The steepness of the fcnollBandridgeB,demonstrab!y 
largely original, indicates that they were not generally over- 
ridden by it. They are an upper member of the drift-sheet, 
—one of the last deposits which the ice made before abandon- 
ing the district. The erratics which constituted the englacial 
drift are frequently found upon the esker ridges, or incorpo- 
rated with the upper portion of their gravel, corroborating the 
idea that they were formed in channels arched over with ice. 
But, exceptin a few oases, these gravel ridges are not overlain 
by the ground moraine. One of the exceptional cases occurs 
four miles south of Freeport.where a prominent gravel knoll has 
been mantled with six feet of typical till, forming an elongat- 
ed prominence with the distinctive drumloid topography. In 
a cutting on the Illinois Central railroad, two and a half 
miles southeast of Freeport, a wedge of the boulder clay or 
ground morratne passes into the side of a stratified gravel 
ridge, plainly indicating ice-movement during the formation 
of the ridge. Just enough of such evidence occurs to prove 
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that the ice was in mntion during the formation of the Rtrati- 
fied drift, but not enough to prove that these deposits were 
generally overridden by it. Now, we cannot Hupposethnt the 
tunneU remained intaet and stationary throughout a distance 
of twenty or more inilee while the ice continued to move for- 
ward. Af> the ice undoubtedly did move forward (nioRt 
decisive evidence of this movement will be produced 
when I come to discuss the transported rock masses), and 
as also the deposits at the east end of the belt show no 
more evidence of dii^turbance thiin those at the west end. 
which is practically none, we may conclude that the ice-front 
progressively retreated eastward across the district, and that 
the deposits as now seen are only those which were laid down 
about the mouths of the tunnels. Thus the analogy between 
the systems of "belts" an<I a subaerial riversystem is more 
iipparent than real. However, iis the situation of the deposits 
wiis determined by the position of the tunneb. which position 
was partly dependent on the topography of the ttistrict gla- 
ciated, the boltH as they now appenr were outlined by the tun- 
nels, and eonacquently we may judge of the courses of the 
subglaeial streams by a study of the belts. 

When the retreating ice-front halted for a time along some 
line, such halt being similar to those which, in a later glacial 
epoch, forraetl the terminal moraines, the deposits made at the 
mouths of the tunnels during a number of summers closely 
adjoined or overlaid each other, so as to form more prominent 
accumulations than when the mouths of the tunnels were in 
rapid recession. This is my explanation of the so-called 
"special areas" of these gravel deposits. Every one of them 
indicates a halt of some length in the recession of the ice- 
margin. In other words, they correspond to the kames, or 
short ridges of diagonally stratified gravel, which are often 
found in depressions or gaps in the terminal moraines. 

Let us follow a given ridge, as, forexampte, oneof the many 
which together constitute the Pecatonica belt, andstudy it in 
more detail than we have yet done. Traversing it from its 
eastern end, we see it griidually grow larger until, at one, two. 
or three miles from its point of beginning, it is suddenly de- 
veloped into a "special area," and then Just as suddenly it 
may die out completely. One of these short ridges constitutes 
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the deposit of the single stage of the destruption nf the gla- 
cier, while the " BpeciftI area " indicates the position ot the 
moHth of the tunnel. 

I fihall next attempt an explanation of another phenomeniiD 
connected with these stratified drift deposits, which has been 
observed in many other districts. It is that the beds of coaree 
gravel, cobbles, and small boulders, are almost invariably at 
the top of the deposit, contrary to what we usually find in the 
l>roduct of ordinary stream action. They cap the mounds' in 
the " special areas," and, by protecting them from erosion, are 
largely responsible for the present topography. It is evident 
that some special cause must have operated in this case. This 
cause I would find in periodic changes of climate, such vs are 
alfecting the Alpine glaciers at the present time. The i<-e- 
front having remained nearly stationary during some years or 
possibly decades, very suddenly retreated to a distance of sev- 
eral miles. This sudden recession corresponded to a mild 
period or a series of warmer summers. Melting of the ice »«8 
excessive, and hydrostatic pressure very great, so that the 
streams, by their increase of power and lower position, due lo 
the decay of the ice, rapidly eroded the roek ridges with which 
they came in contact, hurried the material forward, and hurled 
it over the banks of sand at their mouths. It was their last 
effort, for after a few seasons the ice-front had established a 
new terminal line, and a new series of "special areas'" was 
formed, to be capped in turn by a thick stratum of coarse 
gravel. This hypothesis is, as far as I can see, the only one 
which will satisfactonly account for the persistent association 
of beds of coarse gravel with the upper portions of the depos- 
its in the " special areas." 

None of the ridges are terminated at the west end by a well 
marked delta plain or a gravel plateau, such as are commoD 
in some of the more eastern districts. The nearest approacli 
to a delta is the sand plain which terminates the western end 
of the Pecatonica belt. But instead of sloping gradually from 
the end of the ridged deposit to the outer edge of the plain, it 
is simply a nearly flat bod of sand lying at the foot of a series 
()f abruptly ended ridges. This abrupt westerly lerminalioo 
of the several ridges is characteristic of this district, and at 
lirst thought might seem to be a very puzzling phenomenon. 
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For it 19 dilticult Ui understand how the streams, after leaving 
the tunnels, could htive flowed down over these sometimes al- 
most perpendit^ular slopes without destroying the ridges or 
carrying much material with them. This ditllculty, however, 
disappears when we remember that all the de[>osits which we 
have been dixcussing occur in basins which, being open only 
toward the east, were at that time obstructed by ice, and quite 
naturally we should expect them to be occupied by extra- 
glacial lakes. The streams, on issuing from the tunnels, 
flowed into these lakes, immediately dropping their coarser 
material, but carrying their loess-Hke sill to a greater distance 
and spreading it over the lake bottom. That the existence of 
these lakes is not merely theoretical is proven by the deposits 
of oneof them !>itiiated In the Yellow creek valley in western 
Stephenson county, Illinois, and the Pecatonica river valley in 
Gre/;n county, Wisconsin.* 

The signilieance of these extra-glacial lakes lies not solely 
in the explanation of the abrupt western ends of the gravel 
ridges, but they strongly negative the supposition of a west- 
ward tilting of the district, and so their hearing on the " tun- 
nel and hydrostatic pressure" question is of the greatest im- 
portance. This may be briefly stated as follows: Deposits 
of gravel were eroded by strong currents at a level of 100 feet 
or more below the surface of the lake into which these streams 
flowed, only a few miles distant. Hydrostatic pressure oper- 
ating on a current of water closely confined, as in a tunnel, is 
the only reasonable theory that can be advanced in explana- 
tion of this phenomenon. 

The parallel esker ridges which together constitute the 
larger belts, may probably be explained by supposing that, 
where the stream course was determined by a broad valley, the 
exact situation of the tunnel varied from time to time, perhaps 

•The dep<ieite referred to coneiHt of a Iopbb, averaKing a fow feet in 
thickaess, but increaaing id pInL-ea to eight or ten feet. This is confined 
to such basins aa would be tunned by the cloeure on the east of certain 
valleys at the time when the ice-front strHid about twelve miles back or 
east tiofsi the outer Klacial border. The surface of the loess has been 
formed, during the Aftonian epiH;h, into a l>lack noil varying from one 
to three feet in thickness. There are also indications of Bome erosion of 
the ioesB at this epoch. During the ensuing lowan epoch, the black 
soil was covered by eight to ten feet of Upland loess, giving the now 
buried black soil an interloossial position. I shall refer to the lower 
loe» in Stephenson county as the product of Lake Lena. 
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b(!cauae of more or less transverse iccmovemfnt. Under thin 
hypothesis, the individual ridges of a given section of the bell 
were not strictly contemporaneous, although nearly so. Evi- 
dence strongly supporting this proposition may be derived by 
an examination of the internal structure of the deposit?. 
Where several ridges adjoin, the depositsof one will be found 
to overlap on those of a neighboring ridge, and to be in turn 
overlain by those of another. 

In summarizing the evidence which is furnished by the 
phenomena connected with the stratified «and and gravel 
beds of this district, we find that it clearly proves {1) 
that they owe their existence to subglacial streams which 
flowed at so low a level as to derive the material very largely 
by direct erosion ; (2) that these streams flowed westwardly 
into extra-glaeial lakes: and (3) that the main period of ex- 
oessive melting occurred some time after the Kunsan ice-sheet 
had begun to wast^ away or its front to "retreat." It le^s 
clearly shows (4) that the deposits as now seen are those 
which were laid down along the last few miles of the tunnels, 
and more particularly at or just beyond their mouths; and (5) 
that the " areas of special development " indicate the position 
of a terminal line during a halt in the recession of the ice- 
front. The terminal lines here referred to apparently corres- 
pond to the terminal moraines of a later glacial epoch. It i« 
evident that, if we are able to discriminate the several "E|>ecial 
areas'' in the different belts, and to correlate them, we can 
read the history of the tuoraineless drift of northwestern Illi- 
nois almost as readily and completely as that of the districts 
Abounding in large and distinct moraines. However, U> en- 
deavor to locate these terminal lines l)y means of the stratified 
drift alone is rather a questionable proceeding; but if the 
lines so indicated are supported l>y evidence of other classes, 
their positions may be considered as demonstrBt«d. Under the 
next headingi shall endeavor to indicate the nature of this 
corroborative evidence as displayed in this district. 

Eskers are considered to have been formed by streams which 
flowed through or under the ice-sheet, generally parallel to its 
direction of movement. To this class I would refer nine-tenths 
of the stratified drift ridges of this district. Karnes are con- 
sidered to iiuve been formed by streams which fiowed down 
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over the face oT the glacier, or which welled up between tin- 
ice and it;: terminal moraine. They indicate the position of 
the glacial front during a period of halt or plight readvance. 
Where moraines are well developed, kames are of inferior im- 
portance; but in the absence of distinct moraines, their exist- 
ence is of primary importance in determining the sub-stages 
of the general recession. To this class probably belong many 
of the small, apparently isolated, gravel knolls of the Pecaton- 
ica basin. Perhaps the " areas of special development" should 
be included in this class, as they are essentially " terminal " 
deposits. Topographically and structurally, they combine 
features elsewhere peculiar to both eskers and kames ; but they 
may perhaps be properly considered as a sub-eiaes by them- 
selves. Some of their characteristic features are due to their 
having been formed at the mouths of esker streams, where the 
ice-sheet was bordered by extra-glacial lakes. ' 

Tkansported Rock Masses. 

One mile north of the city of Freeport, on the low bluff 
which bounds the Pecatonica river valley, there is a small 
knoll of stratifted waterworn gravel and sand, constituting a 
portion of one of our secondary esker belts. It is capped by 
a six foot stratum of angular limestone gravel. As this de- 
posit is typical of the class, we will examine the angular 
gravel closely. It consists exclusively of Galena limestone, 
the terrane which is exposed throughout the region. Ko drift 
pebbles of foreign derivation are found in this stratum. All 
the material is sharply angular, and in no portion of the de- 
posit does it show any evidence of water action. The mate- 
rial varies in xize from fine sand to small boulder!', and these 
are agglomerated in the irregular manner common to till. The 
same deposit appears in it neigliboring quarry as a six foot 
stratum of broken rock, resting on the somewhat smoothed 
upper surface of the solid limestone, A portion of the angular 
gravel bed still retains evidence of the original stratiflcation 
of the Tindisturbed rock. 

Half a mile east of Taylors Park, in East Freeport, a quar- 
ry has been opened into the west end of a short ridge. This 
quarry or pit exposes a thickness of eight feet of angular Ga- 
lena limestone gravel, and the base of the deposit is not seen. 
The original bedding planes of the rock have been generally 
destroyed, except at one end of the excavation, where they 
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are quite distinet, A few Canadian drift pebbles occur in the 
deposit, even six feet below its surface, -• 

Tiiese examples are ncit at all isolated phenomena. Such de- 
posits of angular limestone debris have been found widely 
distributed over the lower portion of the Fecatonica basin. 
The moat prominent are indicated on the map facing page 198. 
Eastward from a meridional line drawn through Freeport, they 
rise into short ridges and knolls somewhat resembling those 
of the esker bolts, but they have a type of topography pecul- 
iarly theirown. To make their structure plain,! will describe 
a few of the more prominent deposits. 

1. About two miles southwest of the village of Pecatonica, 
the limit of the lowan ice-sheet is marked, for a distance of 
about one mile, by a narrow ridgeof broken Gulenaliiuestone. 
This stands on a high ridge of upland country, and its to- 
pography shows that it was not overridden by the ice. It 
forms a portion of the distinct moraine which bounds the 
Peeat<miea lobe of the lowan drift sheet. 

2. One mile and a half southeast of Ridott, near the foot 
of the western slope of a rock ridge, there is a smaller ridge 
trending north and south and having a length of about a third 
of a mile, with a width of 160 feet and a hight of 30 feet. An 
excavation 20 feet deep in this ridge shows its composition to 
be exclusively broken Galena limestone, some portions of the 
deposit still possessing evidence of the original lines of strat- 
ilication. 

3. Three miles west-southwest of the last described depos- 
it, on the top of high rock ridges, there are two elongated de- 
posits of this class, which together cover fully 100 acres, and 
attain a maximum thickness of 40 feet. They stand high 
above an adjoining valley, and terminate abruptly at the 
western end, so as to constitute a very prominent feature of 
the topography. The interior is not well exposed, but where 
a road cutting has been made across one of the ridges, masses 
of loose angulnr grave! are found to underlie other masses of 
rock which is perfectly stratified, and which, were it not for 
the underlying debris, would be considered in m'tu.* The to- 

"The oiaaa of unbroken transported rock here noted, has a length, aa 
exposed by the roud cutting, of GO feet. The largest mase of this char- 
acter which has yet been discovered in thia district has B length, 
where cut througii by a railway excavation, of 150 feet, and a thicknees 
of ten feet. Ifa western end rests upon typical till, and only ita extreme 
eastern portion is in contact with the UDderljing rock. 
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pography of these areas is eHsentially raorainie, even includ- 
ing a few eliallon' kettle boleB. 

4, On a northward projection of a high nick ridge into the 
Peeatonlca valley, three miles eaat-southeapt of Freenort, 
there is a short ridge presenting a topography of the type be- 
longing tothe angular gravel depoeite, A quarry han been 
opened into this ridge, producing an excavation 150 feet long, 
65 feet wide, and 12 feet deep. The strata have not been 
broken up, except in a few spots on the surface. The lower 
portions are solid, unweathered, heavy-bedded layers of Ga- 
lena limestone, such as are exposed in all the quarries in this 
region. But the strata here dip southwest at angles which 
vary from 10° to 30". The greatest dip of the strata, due to 
anticlinal folds, in any portion of northwestern Illinois, is 2". 
If the strong tilting of the strata in this quarry is not due to 
ice-action, it indicates a most remarkable local disturbance in 
this area. However, a careful study oF the bedding planes in 
a road cutting, and in some lead mines several hundred yards 
distant, makes it plain that the strata which are in aitu or un- 
disturbed in the near vicinity of the quarry are practically 
horizontal. It may be claimed that the tilting in due to un- 
dermining of the strata. But the deposit stands too far 
back from the edge of the rock ridge to admit of such under- 
mining, and the Galena limestone is nowhere elt>e tilted in this 
manner except where it can be proven that it was the result 
of ice action. I would explain the phenomenon of the quarry 
on the hypothesis that the lower strata of the ice, in advanc- 
ing up the slope of the rock ridge, turned up some of the loose 
upper strata of the rock, and, by injecting debris under them, 
compelled them to assume permanently a tilted position. The 
topography of the vicinity also suggests that the mass has 
been transported perhaps a few hundred feet, being forced up 
a slope to a higher position than it originally occupied. 

6. Knolls and ridges of angular gravel are especially 
abundant in the township of Dakota. Within four miles 
west and southwest of the village of that name, at least thirty 
distinct deposits have been already found. They are gener- 
ally small, roughly circular, sometimes dome-shaped masses, 
which appear as though embossed on the top and slopes of 
high rock ridges. When the internal structure is revealed by 
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excavations, the incoherent piirtions are found to alternnte, 
both horizontally and vertically, with other portions in vrhitli 
the original bedding planes have been but little disturbed. 
This is characteristic of this class of phenomena, and consti- 
tutes a link between the tilted but not transported rock and 
the perfectly comminfrled angular deposits. One of the for- 
mer varieties is well dinplnyed in a road cutting in this region, 
where the upper twenty feet of the limestone in sifit has been 
folded by the pressure of the ice applied from the northeast. 
This fold shows dips i)f 30", and the strata near the siirface 
lire somewbtit broken. Of the many deposits in which the 
material has unquestionably been transported from the parent 
ledges. I will describe a few of the most ^igniflcunt. 

6. In the center of a small valley two milesi west of Daknta, 
there stands ii single cone-shaped mound about 30 feet high. 
It is composed of Galena limestone, not much broken, but with 
the strata dipping steeply in every direction from the center 
andtopofthe mound. Burrowing animals bring out water- 
worn drift gravel and sand from under the limestone at the 
base of the mound. 

7. Three miles west of the village of Dakota, there is a short 
ridge of broken limestone, standing in and nearly obstructing 
a deep valley. This ridge trends east and west, and is per- 
haps 75 feet high. Angular pieces of Galena limestone are 
exposed all over the surface, except at the base, where bur- 
rowing animals, as in the former case, bring out waterworn 
gravel and sand. 

8. Three miles southwest of Dakota, the Chicago. Milwau- 
kee & St. Paul railway passes a high rock ridge, making a 
long deep cut Into the Galena limestone. On the western side 
of this ridge, both north and south of the railway, there are 
huge piles of broken limestone, which, at first sight, might be 
confounded with the similarly shaped masses which were tak- 
en out of the rock cutting and piled up. However, the amount 
of tlie material, the distance from the railroad, and the fact 
that a line of these knolls extends thence northwestward for 
a long distance, must soon convince the observer that these 
deposits of angular gravel are a natural formation. 

In discussing the significance of these accumulations of 
angular local limestone debris, I wish to call attention to cer- 
tain features which are common to all of them. 
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a. There ie> never the slightest evidence of water action, 
either in eroding the material from its parent ledges or in de- 
positing it. 

b. The eastern end of a given ridge or mound is usually a 
gentle slope, while the western end is almost invariablj' 

c. The sharp contours, especially of the isolated cone-shaped 
mounds, negative the idea that they were ever overridden by 
the ice, and show that they are not preglacial in age. 

d. Except in a very few instances, practically no drift peb- 
bles whatever have been found within the body of these de- 
posits, whereby they are denied admittance into the ground 
moraine as unusually stony portions of the till. 

e. There are generally a few boulders of the englacial drift 
scattered over them, demonstrating that they are not post- 
glacial or even post-Kflnean in age (except the sharp ridge 
southwest of Pecatonica). 

f. The almost total absence of foreign drift within theui 
clearly proves that they were not lifted up and carried in the 
ice-sheet as englacial drift. 

g. The occurrence of the deposits as high ridges and cone- 
shaped mounds, in the center of valleys and overlying strati- 
fied drift, shows that they are not now in situ, but have been 
transported from some distant ledge. 

h. Their situation, in the majority of cases, west of the 
crest of a high rock ridge, indicates their derivation from it, 
and we are thus enabled to determine that they have some- 
times been forced up a slope to a considerable hight above the 
parent ledges. 

I think that the glacial origin of these peculiar gravel de- 
posits will not be disputed. It has been suggested that simi- 
lar agglomerates of broken rock might be produced by a land 
slide, or even by the slow "creeping" of the strata down a 
slope. This, however, requires that the parent ledges shall be 
situttted at a hight considerably above the finished deposit. 
As we have seen, there are deposits in the Pecatonica basin 
which rest on the summit of eeker knolls higher than any 
rock ridges in the vicinity. 

The glacial age of the angular gravel beds having been 
demonstrated, it remains to determine the precise mode by 



dbyGoO^ 



250 Tae American GeologiMt, April, iwi 

which they were formed. Obviously, the transporting power 
was supplied by the forward movement of the iee-eheet. The 
(idvanelng ice, in ascending a rock ridge, abraded the loose 
upper strata of Galena limestone, and forced them forward in 
front of it, continuing to do so as long ns the front advanced. 
As soon as a retrograde motion of the ice-mai^in set in, the 
deposits of angular limestone gravel remained in ridged ac- 
cumulations along the terminal line of the just ended stage 
of advance. Since they have not eiibsequently been overrid- 
den by the ice, we may thus accurately determine the podtion 
occupied by the ice-margin at the culmination of each re-ad- 
vance. Where the deposits are heavily developed and a per- 
sistent line of knolls is found to correspond with the reputed 
trend of the ice margin in that portion of the district, we 
inny safely conclude that this line represents the culminating 
limit of some stage of glacial re-advance. Furthermore, upon 
projecting our supposed terminal line across one of the more 
prominent esker belts, and finding it to intersect an "area of 
specinl development," we niay conclude that the line thus es- 
tikblished is not merely hypothetical. 

The combined phenomena of the angular gravel knolls and 
the "special areas" of the esker series constitute the Kansnn 
representatives, in the Peoatouica basin, of the terminal mo- 
raines of the Wisconsin epoch. Along these morainic or ter- 
minal lines there is often a slight thickening of the ground 
moraine, with an increase in the amount of englacial drift. 
It is evident that a. more plentiful supply of material and the 
proper length of time would have sulficed to form massive 
moraines. Rut in the eastern portion of IStepheneon county, 
where the angular gravel deposits are most numerous, the 
amount of foreign drift is email. In fact, the general absence 
of any typical moraine material in the vicinity of the broken 
limestone deposits is one of the most remarkable characteris- 
tics of their occurrence. It indicates, I believe, that the knolls 
were formed with great rapidity. Between the main lines of 
knolls, which apparently represent terminal lines of a rao- 
rnine-forming period, there are smaller deposits, each of which 
may possibly be the result of a single season's work. If this 
could be proved, it would furnish data for computing the rate 
of general recession of the ice-front across the district: but a 
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very Urge ainoitnt nf work will be required jet before anj- 
dependence can be placed on a. eoinputntion based on this 
principle. 

Terminal Lines in the Pecatonica Basin. 

On the map facing page 198. I have endeavored to roughly 
indicate the positionB of eonie of theee supposed terminal 
lines. In mapping margin No. 1, which is the outer drift 
margin, I have followed Chamberlin and Salisbury, Leverett, 
and Buell, with a few modifications due to personal observn- 
tion. Margin No. 2 may seem questionable, but from the 
facts that tlie ''special areas" which indicate it are the most 
western in their respective belts, and, when favored by the 
presence of valleys, are well developed,! am certain that tiiey 
indicate a terminal line, although not a very important one. 
Thu problem lies iu their correlation. Margin No. 3 is nion; 
definite, however, for it is marked by an unusually developed 
'•special area" in the Pecatonica esker belt, and by an impor- 
tant one in the Cedarville belt. These are practically the 
western termini proper of their respective belts, and indicate 
the institution of vigorous melting and large siibglacial 
streams. While the ice-sheet was wasting away from the 
country west of this line, the climate was still moderately se- 
vere and melting was at a minimum. But from the time 
when the ice-front passed the line indicated by margin No. 3, 
it was subject to lapid destruction. Between the two esker 
belts, margin No. 3 is further defined by a thickening of the 
till, which is sometimes massed into a low, smooth, moraine- 
like ridge. A boulder belt also appears at intervals along 
this line. It apparently bounds the loess deposit of Lake 
Lena, with its accompanying black soil, on their eastern side; 
and the main deposition of the silt is considered to have been 
contemporaneous with the sub-stage of the ice-sheet during 
which its front coincided with margin No. 3. If we may 
judge from present evidence, the ice-front remained longeron 
this line than at the outer drift margin. It was, also, a more 
important sub-stage* than any which followed. 

Margin No. 4 is indicated by a "special area" in the Ce- 
darville belt, which apparently corresponds to one in thePec- 

•The term tmh-ilage is used in this paper as a eynoaym of the mo- 
raine-fonuinK subdivisioDS of the ^rand staees or epochs of glaciation, 
■ach aa that which formed the Wisconsin Jrift-sheet, 
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atonica belt. I think that a north und south belt of gravel 
kiioDti, two miles westof Freeport, belongs to this terminal line, 
having more of the nature of kiimes than of a true esker belt. 
Following thia line south of Yellow ereek, it appears to pass 
into a broad smooth ridge of till, which crosses and complete- 
ly obstrut^ts the preglacial valley of that stream. This same 
line is represented by discontinuous ridges extending across 
the divide into the Leaf river basin, where it is located bj & 
''special area" in the Adeline belt. 

The mapping of margin No. 5 is based solely on "ApecisI 
areas;" but in margin No. 6 we again find a pretty well de- 
tined line. The situation of this sixth terminal line is marked 
chiefly by a number of prominent angular gravel knolls, but 
it also intersects an important "special area" in the Pecaton- 
icn va]ley. This line was probably second in importance to 
No. 3 only. 

In addition to the six marginal lines of the Kansan drift 
sheet that I have here indicated, there are evidences of many 
more; but because of their indeliniteness I have preferred not 
to map them at present. It should be stated, however, that, 
while the more western margins have a tendency to project out- 
ward on a line trending northwesterly from the city of Free- 
port, thert> is a straightening of the later terminal lines lying 
nearer the Pecatonica lobe of the lowan drift sheet, so that 
there is a discordance between the systems of the two glacial 
epochs. 

Conclusion. 

Reviewing this discussion of the eskers and intimately as- 
sociated deposits of the Pecatonica and Leaf river basins, I 
wish to call special attention to the following facts; 

1. Not only the trends of the individual ridges, but also of 
the completed esker belts, are always at right angles to the 
first terminal line west of a given point, and apparently par- 
allel with the general direction of movement in contiguous 
portions of the ice-sbeet, as indicated by phenomena inde- 
pendent of the eskers. By diligently observing the stratiSed 
drift, we may determine the direction in which the ice-sheet 
moved in every portion of the district. We thus learn that 
the genera! direction was west-southweet until it reached a 
iine extending north and south across the Pecatonica basin, a 
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few mile^ weHt of Freeport, where it ruther abruptly changed 
to the northwest and continued so to the outer .drift margin. 

2, The meri/e j/nce, in retreating, withdrew more rapidly 
ID the southern portion of the district than in the northern. 
The belt between the outer margin and No. 3, in which the 
deposits of Btriitified drift are very poorly developed, and 
which is twelve miles wide on ii line due west of Freeport, 
may widen out toward the south so as to constitute perliaps 
the entire width of the exposed area of Kansau drift south of 
Rock river. The next great belt of Kimsan drift, which con- 
tains heavy deposits of stratified drift of the esker series, and 
which is twenty miles wide in the Peoatonica basin, probably 
broadens out toward the southeast; but, passing under later 
drift sheet?, it is perhaps not exposed south of the Rock 
river. 

3. The esker belts, with their " areas of epecial develop- 
ment," and the angular gravel deposits, being demonstrably 
contemporaneous phenomena, postulate a very vigorous move- 
ment in the glacier at the same time that its borders were be- 
ing rapidly melted. 

In short, from a study of the phenomena displayed by the 
older drift in the Pecatonica basin, we learn that the ice-sheet 
of the Kansan epoch, at least in one district, and probably in 
all, was not of such insignificance and inefficiency as many 
glacialists have supposed. 



HORNBLENDE-BASALT IN NORTHERN 
CALIFORNIA. 

By 3. S. D1I.I.BB, Wanhio^nn, D. C. 

While making a geological survey of the Pitt river region, 
at its great bend, in Shasta county, ('alifornia, I found in 
Kosk creelc, about a mile above its mouth, a large, well-worn 
cobble-stone of an eruptive, quite unlike any other yet ob- 
served in that district. The locality is just beyond the north- 
west corner of the Lassen Peak sheet of the U. S. Geological 
Survey. Although not found in nitu, this brief notice of the 
rock may be warranted on account of the rarity of its type In 
thiS country. The fragment was evidently brought down by 
the stream from the rugged canyon above, where a large series 
i)f Paleozoic, Mesozoic and Cenozoic sedimentary rocks are 
associated with various eruptions. 
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Upon ezami nation, the i-ock proved to belong to the type 
generally known an hornblende- baealt. It is a dark, heiivy 
rock full of prominent cry^ltils of hornblende from 4 to 25""" 
in length. They are ec[ually distributed, and appear to form 
lOfo of the whole mass. A few small rusty and white spots 
are due to olivine and feldspar. The phenoerysts are in a dense 
dark grouudmass, which, to the naked eye, looks like ordinary 
basalt. * 

In the thin seption, tiie deep brown basaltic hornblendes are 
sean to be rounded and embayed. They are anhedral instead 
of idiomorphic, as pherioerysts usually are, and each is en- 
closed in a dark, magnetitic border, charaeteriatic of horn- 
blende that has been corroded and partly resorbed by the 

inde is fresh, some of i t has en- 
tirely disappeared, its place being occupied by a dark group 
of granular augit« and magnetite. Some of the crystals show 
twinning parallel tothe orthopinacoid. Although the twin- 
ning plane of inclined sections occasionally makes a considera- 
ble angle with the prismatic cleavage, as shown by Becke, this is 
not exceptional. Pleochroism is strong, varying from. dark 
brown to light yellow. There are a few sharp crystals of au- 
gite with lateral pinaeoids well developed and some are twinned 
parallel to one of these planes. Neither the augite, olivine, 
nor feldsparshowdefinite resorption phenomena. The olivine 
rarely has traoes of crystaliographic outlines. Much of it is 
changed to serpentine. 

The groundmass is almost holocryetalline, composed chiefly 
of plagioclase and augite, with much olivine and magnetite, 
a few good crystals of apatit'.* and a trace of clear base. The 
larger feldspar crystals are squarish and generally show nu- 
merous twinning bands. The more abundant smaller crystals 
of plagioclase are lath-shaped. Much of the yellowish green 
augite is in similar crystals with a large angle of extinction. 
Rarely it appears in irregular granules clamped between the 
feldspars, suggesting ophltio structure. The magnetite is 
often in sharp crystals. Some of it is probably titaniferous, 
Judging from the analysis. 

Tbe following chemical analysis of the Kosk creek horn- 
blende-basal t (No. 2) was made by L. G. Eakinsin the chem- 
ical laboratory of the U. S. Geological Survey. For compari- 
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pon the following aiitilyses are added: (No. 1) Hornblende- 
liHSalt from Todtenkopfchen, described by H. Sonimerlfld in 
NeueB Jfthrbiich,BeilageBd.II, 188'i, page 156. (No. 8) Kii- 
laire, a variety of hornblende-basalt from Kula Basin, inLydia, 
described by H. S. Washington, in the American Journal of 
Science, February, 1894, page 122, and in "The volcanoes of 
the Kula basin in Lydia," page 57. (No. i) Camptonite, 
from Campton Falls, New Hampshire, analyzed by L. G. 
Eakins, in the cheu&ical laboratory of the U. S. Geological 
Survey. 

12 3 4 

SiOj 42.68 M.T7 47.50 38.15 

TiOj 63 

AI^Oj 9.12 17.82 1932 19.68 

Fe-^Og 11.55 5.05 4.75 4.01 

FeO 7.23 6.95 5.20 11.15 

MnO trace traue 

CaO 13.15 10. T3 8.37 9.37 

MffO 10.09 8.22 4.36 6.65 

KjO 1.16 .92 2.31 1.72 

NRgO 2.71 2.13 7.63 2.77 

H^O 1.06 2.64 0.46 ' 1.49 

99.05 PjOj .72 0.21 4.82 =Co2 

PjOs 1.29 

TiO^ M 100.11 100.11 100.11 

In chemical composition the California rock lies between 
that of T6dtenk6pfchen (No. 1) and of the Kula basin (No. 
3). 

The rock described by Sommerlad gelatinizes by hydrochlo- 
ric acid, and is reported to contain nephelite. Kulaite eon- 
tains much more Na„0, but no reaction for nephelite was 
obtained. However, a trace of leucite was found. The Kosk 
creek rock does not gelatinize. The large amount of water it 
contains is due to the serpentine. 

J. Hazard has recently described* from the Lausitz, in 
eastern Germany, an interesting series of hornblende-basalts 
occurring in volcanic necks (AusfiiUungsmasse der Eruptions- 
cantile). The surface flows (Decken) and the dikes (Gange) 
of the same region, are free from hornblende. Although many 
bastilte occur in that region, all forms of them appear to con- 
tain nephelite. 
*Tschermak'B Min. und Petrog. Mitt, vol. xiv, 1891, p. 297. 
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THE GEOLOGY OF A TYPICAL MINING CAMP IN 
NEW MEXICO. 

By C. L. Hebbick. Socorro, N. Uei. 
PlHtos XIII and XIV. 

The Magdalena mountain range forms » co m para ti rely iso- 
lated district and illustrates many of the conditions of min- 
eral ai^cumnlation, a^ well as a variety of geological problems 
exceptionally well. Situated about twenty miles west of the 
Rio Grande valley, it forma a secondary axis parallel to the 
major one which must at one time have occupied the site of 
the present valley. The Magdalenas are siuiated upi>D thf 
margin of the belt of Carboniferous limestone and sandstone 
strata so well seen at various points in the valley. As in the 
case of the other north and couth ranges, the present moun- 
tain axis is near the base of the original anticline and exhib- 
its the uptilted strata, here dipping with an inclinalion of 
about 45" to the southwest. The principal inlrusives are 
found near the synclinal axis and contribute tn the ore con- 
centration. 

The range, so far as studied, is about thirty miles long and, 
like all other axes of uplift in this region, is interrupted at 
intervals by local craters. In the present case the northern 
portion is relatively less disturbed, while the southern three- 
fourths is chiefly volcanic. The mineral association in the 
two portions obeys diiFerent laws and affords instructive evi- 
dence of the constancy of these principles under similar con- 
ditions. It may be premised that in this portion of New 
Mexico the sequence of eruptives has been from basic to acid. 
The older flows being usually andeEitic, the following traclij- 
tic, while the latest are rhyolites. True, there are basaltic 
flows of a still later age, producing mtil pais and recent cra- 
ters, but this does not alter the general fact that the flov^ 
chiefly concerned in outlining the present geotechniu of the 
region obeyed this rule. Again, it is necessary to note that 
the stratified series is chiefly sandstone below and limestone 
above, so that in each case of uplift the lime has suffered dis- 
placement, while the subjacent sandstone has frequently been 
greatly metamorphosed even to the extent of transformation 
into gneiss or granite. In a general way it may be said that 
the northern portion of the range, being less fundameotall; 
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altered, furme a lead raining region, including the famntiB 
Kelly camp with the Kelly and Graphic minee, which have 
produced a number of independent fortunes, as well as u large 
number of properties of Itss importance. The southern part 
of the rnnge, on the other hand, is essentially a gold district, 
which, although still awaiting development, promises to be of 
substantial importance, as in Water Cafion, Six Mile Ciinon 
and others. 

The conditions at the north end of the range are apparent- 
ly simple (plate xiii). An extenfive uplift between the So- 
corro mountains and the present site of the Magdiilenas has 
suffered erosion, leaving the western base as the present 
range. The three or four hundred feet of the upper' series, 
consisting of limestone and sandstone in alternating layers 
has been tilted to an angle of 46", exposing on the eastern 
slope several hundred feet of the altered acid series beneath. 
This series has here been transformed into a granite with 
only here and there a thin band of lime to indicate the origi- 
nal stratified condition. 

Dykes of quartz intersect this series at intervals and are 
occasionally mineralized, but, as in the case of acidintrusives 
in acid country rock elsewhere, the concentration is appa- 
rently never sufficient to warrant exploration. 

No very definite estimate can be made of the thickness of 
this lower series, for it has been Hio completely fused to re- 
tain any adequate data. It is frequently penetrated by bands 
of schist and dykes of diorite, but its upper layers retain a 
schistose or gneissoid character, and where they approach 
contact with the limestones become quartxites. 

The contact of the quartzite with the lime is everywhere in 
evidence along the eastern face of the axis of the range in its 
northern portions and lies all the way from a few feet to two 
or three hundred from the summit, and is capped by one or 
more of the lower lime belts. The contact is apparently only 
irregularly conformable or the original conformity has been 
disturbed by more or less extensive interpenetratinn or solution 
along the lower contact. This contact is usually mineralized 
and forms the outcrop upon which many exploratory workings 
and a few producing mines have been placed. 
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The miperal HRBflciittion is usually iron, lead, silver and 
Zixia with a prcdoininance of PiilphtdeR. The quartzite JB not 
rarely altered near the <'ontact with the line to a chloritic Bi- 
liclous eehiet with epidote and (^alcit«. This phase is called 
"greenetone" by miners. At vtirioua places dioritic introsions 
penetrate the qiiartziteB and oaiiBC local and perplexing dis- 
tnrbanceB in the rather uniform stratigraphy. We may pre- 
Kiime that the lead in this region has been derived from more 
or lepB generally diBseminMted depositfi throughout the lime- 
stone, and the probability is that it wasoriginallyin the form 
of galena. The present situation and coiuposition of the 
lead is, however, to be ascribed chiefly to the influence of per- 
colating waters with the cooperation of metamorphis 
this lowest lime contact both factors assisted. The lii: 
is between seventy-live and one hundred feet thick, and has 
been greatly altered in so far that it forms a coarse white 
marble in several localities. The effect of metamorphiKm is 
seen not only in the crystallization and decolorization of the 
lime, but also in the segregation of the silicious matters as 
hands of chert or flint. The lower portions especially are si- 
licious and metamorphic. The fossils have usually suffered 
from metaniorphism, though occasional crinoid stems occur. 
The location and association point to a middle Carboniferous 
age. The ore is usually near the contact, though it may be 
several feet distant. In at least two horizons within this 
limestone other ore concentration has occurred, but only in 
certain localities do they become important ; yet where this is 
the case they are often very valuable, since the ore is collected 
in old watercourses tying in plains of seepage, under condi- 
tions for solution of lime and redeposition of ore. The lower 
contact, as stated, contains chiefly sulphides, yet the lead is 
frequently reduced to sulphate or altered to a carbonate in 
such situations as have permitted a free percolation of waters 
from higher deposits. It is interesting to note that the mines 
opened along the summit of the range where cut off from such 
supplies are usually of small value, being poor in ore, which is 
here chiefly a sulphide. The silver value is, it is true, higher 
than farther down, but as this is subordinate practically to 
the lead, itdoes not repay for a lower lead contact and the ab- 
sence of large cavities with carbonate of lead. This difference 
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between the higher and lower portions of the eame scriee is in 
conformity with what has already been naid as to the proba- 
ble method of <:on<-entration. Here at the summit therR is 
lese opportunity frw perc<ilation and none for deposition of 
solntiont; from other regions. The leaching, if it has occurred, 
has only impoverished the strata. 

In general, it may be said that any one of a number of im- 
pervious strata (i^uartzite or dlicioiis shale) associated with 
the several limestone belts may become barriers to the trans- 
verse motion of the mineral-bearing waters and, by conse- 
quence, give rise to a metalliferous horizon. The ore in such 
ca^es is usually concentrated along lines of least resistance, 
inclining at various angles within such horizons. These water 
courses produced "pipes" or "shoots" in the ore zone where 
great masses of lead carbonate, smithsonite and other miner- 
als were deposited obviously from aqueous solution. 

The lead, howevt-r, must have originally been galena, ao 
cores of that mineral are very generally found within masses 
of lead carbonate. The larger cavities or chambers are fre- 
quently exceedingly beautiful, and a single such chamber has 
frequently yielded n good fortune. The walls are water-worn, 
encrusted or staiaetitic. Oracalcite. smithsonite and blende 
occur with the prevailing cerussite. 

Were the conditions as simple as hitherto implied the work 
of prospecting would be of the easiest, but, on the contrary, 
the whole area is intersected by faults in two or more parallel 
series. One serie)* of strike faults give rise to minor ridges 
parallel to the main axis on its western slope, repeating the 
sequenoe to a greater or less extent in each case till the level 
of the valley at the foot of the isolated Mt. Magdalena about 
three miles west of the main range is reached. The west«rn 
margin of this faulted area is formed by an independent basic 
uplift, which may be said to have prevented the sheet from 
reaching the degree of depression to be expected theoretically. 
This intrusive may be traced to the most northern crater of 
the series and is approximat^tly parallel to the main axis. The 
strike faults above mentioned are quite numerous — from six 
to twelve major ones and many minor ones can be recognized. 
They are not strictly parallel to the range, but extend south 
30" east at right angles to the dip. The dip of the western 
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blocks ifl less, b fact accounted for, aa above seen, by the up- 
lift of the secondary intrusive. 

The fault planes have an important bearing on the ore con- 
centration in two distinct waye. The larger faults toward 
the weet. i. e. nearer the theatre of true volcanic activity, have 
afforded means for introduction (by sublimation) of other 
minerals than those indigenous to the limestone strata. These 
breaks intersect the severHl ore horizons and may afford op- 
portunity for concentration, and they also afford outcrops or 
surface indications which, in several cases have led tn the 
discovery of the real "blankets" of ore below. The cecond 
way in which the faults contribute to ore accumulation is by 
interrupting the downward movement of waters currying 
mineral in solution. Where the throw has been f'liglit thie 
has produced an accumulation in the space between the lower 
and upper intersections of the faulted ore zone with the fault 
planei thus. fig. 1. These accumulations had been recognized 
by the more intelligent minere, though notexplained by them. 
The fault plane, though mineralized, contains less lead and 
more iron (sulphides), and frequently more silver (a fact sug- 
gesting that the silver has had a different origin Trom the 
lead — perhaps sublimation). 

The fault planes of this order have also greatly interfered 
with the working of many mines by causing obscurity as to 
the actual number of ore horizons. The apparent number Ib 
often the result of reduplication, as indicat«d in tig. 2. Still 
more annoying, and without any compensating advantages, 
are the dip faults, which are even more numerous 'and far 
less regular than the previously mentioned. A ride along the 
crest of the range from north of Kelly to the Little Baldy 
Mt., at the north end of the eruptive area proper, reveals a 
very large number of such faults with a throw of from o few 
feet to several hundreds. The reason for these is readily seen 
in the fact that the lateral thrust has not been uniform, but 
greater to the north, so that the edge of the stratitied series 
is not parallel with the summit but somewhat diagonal to it, 
crossing from west to east some miles from the uorthern end 
of the range. What comes to the same thing is the fact that 
the granite uplift was great«st to the north, the metamor- 
phosed material having been squeezed up and occupying the 



dbyGoo'^lc 



Geology of JUiiumj Cnmp in Xeia Mexico. — Herrick. 261 

whole north end. The influence of these faults aeeras to have 
been nil, eo far as the ore deposits are cnncerned. 

Turning now to the more strictly igneous portions of the 
ran^re. it will be remembered that the southern part of the 
series is broken by a number of craters. The most northern 
lies near Little Baldy or, more strictly, that peak is a part of 
the limb of a large crater at the head of Hopcaiion. The ear- 
liest eruptions were of great extent and were basic. The 
crater just referred to is of andesitic tuff, and the great brec- 
ciated masses bear witness to explosive periods of great vio- 
lence and extent. What is true of this crater is apparently 
also true of all the others. Opportunity is afforded for veri- 
fj'ing this belief by a vast series of flows 'which have been left 
exposed by the eataclysni producing Water canon. This 
profound break on the eastern slope leaves a vast, nearly per- 
pendicular wall facing the west and parallel to the range. 
This wall is composed of a tremendous mass of nndesitic brec- 
cia, inclining to the east, bearing evidence <if it marvelous out- 
burst which must have come from the west in the very region 
above described. Above this breccia is a series of flows of 
acid nature, the latest being red rhyolite. 

Further south the same sequence is to be found, though 
much disturbed. The rhyolite was evidently very fluid and 
spread over a very large area, even outside the immediate 
sphere of the volcano. The greater part of the western aspect 
of the range is hidden by acid flows which were very wide- 
spread and must have been exceptionally quiet and prolonged. 
These flows were repeated at frequent intervals without in- 
tervening change of level and extended many miles to the 
east. Subsequen t erosion has carved out calions and left iso- 
lated, butte-like peaks, but every where the original continuity 
is visible. Some of these flows were obsidian of nearly a 
whit* color, others were tnicbytes and interesting trachyte 
pitchstones, while the latest were rhyolitic. A very curious 
occurrence in the vicinity of Texas spring is a breccia of 
black obsidian in a tuff-like magma. Chalcedony in amyg- 
daloidal cavities and veins is very common in this acid series. 
The rhyolite and trachyte series is not mineral bearing, and 
the efforts of prospectors on the vast areas so covered have 
been uniformly futile, though the period of acid eruption is 
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not to be coneidored as unimportant from Hn eeonomie point 
of view. Tile most interesting opportunity for studying the 
acid series is afforded by the isolated peaks west of the Mng- 
dulenn range proper, at» in Mugdalena and Elephant mountains 
■which are parte of the great flows above indicated. 

The large mountains forming the nucleus of the range, pre- 
eminently Big iiiildy and Timber peaks, are also voleanie, and 
although capped with acid rock, occupy the place of an old 
andesite eruption. The latter occupies the east side of the 
main range southwest of theclitfs of Water canon, and forms 
the country rock in which the gold segregation has oc- 
curred. 

It is perhaps of more geological than economic interest to 
determine the age of the dykes of acid nintter which, by in- 
tersecting the andesite, have provided the conditions for ore 
concentration in this district. The result? of a brief study of 
the field seem to suggest that the acid intrusives are of the 
same age as tlie later flows above described. The gold seems, 
however, to be derived from the andesite so that the ore is 
chiefly in selvages or breeciated margins rather than uniform- 
ly distributed in the quartz. A thorough petrographic study 
of the region has been begun but would not be admissible 
here. 

Enough has been said to indicate that a careful geological 
survey of the region would have important bearings on the 
economic development of the mineral resources. 

'I'hrougout the entire region so far as studied, there is no 
important exception to the rule that gold is segregated along 
oontiicts of acid rocks with basic intrusives or the converse. 
Andesite is preeminently the gold-bearing country rock. 

VALLEY GLACIERS OF THE UPPER NUGSUAK 
PENINSULA, GREENLAND. 
Kj- Ralph S. Tarb. IMihcb, N, ¥, 
Valley Olucieis of (ireenlami. Passiag along the Green- 
land coast, one is almost constantly in sight of valley glaciers. 
Some of these are tongues from the great ice cap, but many 
are furnished with their supply from local snow fields. These 
are particularly abundant in the Vaigat straits and in Umenak 
fjord Here one sees every gradation between the large, well 
dcrined glaciei-, tei tninating in the sea, and mere snow banks. 
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The glHL-iers seen on the west eide of Vaigat strait are fur- 
nished with their supply from the local ice cap, whioh over- 
spreads the most of Disco island. In the neighborhood of 
Godhaven, the ice cap is easily reached by a climb of 2,500 
feet, and at this point is found to possess an attenuated edge. 
In going from the land to the ice, one pusses over patches of 
snow, then, almost imperceptibly, attains the ice cap edge 
without steep ascent. This is entirely different from the edge 
of the main ice cap which, everywhere that I saw it, presents a 
distinct slope, and oftentimes a precipice toward the land. 
Near the middle of August the surface of this attenuated edge 
was wet and slush-covered, with innumerable streams flowing 
over its surface. Even at a considerable distance from the 
margin, and at an elevation of 3,200 feet ximilar conditions 
exist. 

Time did not permit extensive exploration nf this ice cap, 
but viewed from a high place (about 3,200 feet above sea 
level) it was seen to extend many miles toward the interior of 
Disco island, with a very irregular surface, evidently con- 
forming to variations in the under topography. Along the 
margin, where we approached the glacier, there was no evi- 
dence of motion, but every appearance of nearly perfect stag- 
nation. Descending from this place, which was a divide, 
toward the valley on either side, evidence of motion was 
found in the crevasses which break the surface of the ice cap. 
Passing down one of these valleys, it is found that the ice 
projects as a valley tongue; and in the ease of the larger val- 
ley, as a distinct glacier. On the margin of one of these val- 
leys the ice nap comes to the edge, in some places forming a 
precipice, in other places hanging down over the edge of the 
cliff as a hanging glacier. 

In several of the valleys visited by different parties, evi- 
dence of former greater ice extension was found in the pres- 
ence of moraines, both marginal and terminal, beyond the 
present ice margin. Another notable feature of the glacial 
geology of this island, was the presence of gneissic boulders 
stranded upon the trap rock which forms the cap of this part 
of Disco. These boulders extend all the way up to the edge 
of the ice. Whether they were brought to their places by the 
glacier, at some time when Disco island was more extensively ice 
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covered, and brought from within the ifaland itself, or whether 
they were brought to their. present places by a more general 
iee sheet, reaching out from the mainland, was not deter- 
mined. No doubt a study of the bed rock on the mainland, 
nnd a compariflon with the transported boulders will decide this 
point. From what I eaw farther north, I am inclined to be- 
lieve the latter the more probable explanation. 

The Liiopeil Glacier iif the Upper JViiffnitak PeninmiUi. In the 
Upper Nugsnulc there is no ijeHeral'me covering at present :* 
but there are numerous glaciers of various sizes, resembling 
in many respects those that were seen further south. The 
largest valley glaciers of this peninsula were located on the 
nfirthern or sheltered side, and in the inland valleys, at the 
base of a high mountain which reached from 2.500 to 3.000 
feet above the sea. Instichan interior valley, near the middle 
of the peninsula, a glacier descends townrd the interior from 
the extensive snow fields, which also supply another glacier, 
described later as the Nugsiiak glacier. The tongue which de- 
sfendp toward the interiorwas call the Looped glacier, becausi; 
rif the outline of its margin. It is a hanging glacier, descend- 
ing from the edge of a low part of the valley wall. In some 
portinnf the looped edge is attenuated, and ends in melting 
ice, with no sign of movement, and no distinct moraine. In 
the main and northern loop, the ice nssiinief the condition of 
a true valley glacier, whose surface ie roughened by crevasses 
and by melting. Its terminus is a precipice, and its base is 
lined by inorainal debris. In the lower hiyers of this tongue 
there are distinct dirt bands and many boulders. The glacier 
presents no specially remarkable features, and is merely men- 
tioned to illustrate one of the conditions of glaciation at 
present existing on the Nngsuuk peninsnln. 

The ynij»mik Glacier (Fig. 1). From the same snow field 
as that which fnrnished the ice for the Looped glaeier, there de- 
Hcends, from an elevation of probably not Icsp than 2,000 feet, 
a distinct tongue of ice. the most notable valley glacier on the 

*This peDiaeula is in latitude 71 ilet;- 10-15 luin., and was the place se- 
lected fur study by the Cornell party which accompanied Lieut. Peary 
in the Greenland Expedition in 18B6. Besides mysplf the ineiubers of 
the partv wore Prof. A. C. Gill, and Messre. J. O-Martin, T. L. Watson, 
v.. M. Kindle nnd J. A. Sonsteel. To all of these men I am indebted 
for valuable aid in my studies. 
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peninsula. Its valley walls are steep on the eastern dde, and 
only moderately steep on the western side. There are no dis- 
tinct marginal moraines, although at places uocumulations of 
debris extend to the edge and top of the ice. This glacier, 
which discharges the greater part of the surplus of snow in 
the snow fields of this place, is now just able to reach the sea. 
In one place the ieefront is bathed by the waters of the fjord; 
but the greater part of the front, which is about 250 yards in 
extent, is terminated by a small marginal lake, or else by 
moraine upon the land. 

The lake, which is moraine dammed on the seawsrd side, 
stands at an elevation of about five feet above high tide. The 
moraine jit the terminus is very boulderj, and in some places 
rests upon an ice foot, forming a thin film. However, in the 
part where the dam of the lake is built. the moraine is situated 
in a place entirely distinct from the glacier itself, as if mark- 
ing the re'ient retreat of the ice. The front of this valley 
glacier is steep, rising 50 or 60 feet, with an average angle of 
about SO^-eO", and in its base there are layers of dirt and 
boulders, some of the latter weighing two or three tons, 

DniJig Otacierii(Fig.2). Besides these two valley glaciers.and 
one that was not studied, but which exists to the east of these 
two. there are many tiny accumulations of ice, which in some 
cases are distinct glaciers, in others apparently nothing more 
than snow banks. Among these there are banks of snow, or 
rather of ice compacted from the winter snow, which are not 
in movement, but merely remain from year to year. The 
depth of these may in some cases be 20 or 30 feet. There are 
other bunks however, in which one finds lines parallel to the 
outline of the bed, and in the bwHe of which are layers of 
dirt. Among these there are many that are crevassed on the 
surface, showing distinct movement, but no snow fields exist 
to supply the glacier. From an examination of a large num- 
ber of these, I have no hesitation in alfirming, that upon the 
upper Nugsuiik peninsula one can find every gradation from 
the snow bunk that is motionless, to the distinct valley gla- 
cier tongues supplied from snow fields. 

Frirmf}- Greater £.rUni<ioH. These small glaciers are called 
'lifiiiff iil'iciers, and in this category may also be included the 
larger Looped and Nugsuok glaciers described above, although 
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their death I'a not so near at hand. That these are not newly 
bt>rn glaciers, now expanding and increaeing their range, ifi 
proved by the obaervalions that were made in their neighbor- 
hood. Below some of these tiny snow-bank glaciers there 
were abundant transported bouldei'S, renting upon bed rock 
which was striated. They had evidently beon brought to 
their place by the glacier at sometime when it was more exten- 
sive than at present. In all caiiep the strite pointed toward 
the present glacier remnants, and showed the intimate connec- 
tion between the direction of the ice movement and local to- 
pography. For instance, in the valley where the Looped gla- 
cier now ends, the striiK, which are very fresh, point towards 
the sides of the valley. Near the middle of the valley, and 
in the center, they extend down grade toward the sea on the 
northern side of the peninsula. 

The same evidence of former extension of local ice sheets 
was seen near the margin of the Nugsuak glacier, where the 
rock near the front is striated by freeh grooves, and the rock 
surface is not covered by lichens, even in the emallest degree. 
There ia every evidence that the ice here, on the northern side, 
and in the central parts of the Nugsuak peninsula, has very 
recently reached further than at present, and that the valleys 
have been filled by glaciers furnished from several snow fields. 
Several valley tongues have joined to form a single glacier, 
which has moved toward the north. 

Tliis evidence is in perfect harmony with that found along 
the margin of the continental ice sheet near by, as is described 
in another article. This sheet of ice is now retreating, and 
moraines recently abandoned are seen along its margin. Be- 
fore this the ice of the continental glacier reached out beyond 
the outermost limits of the peninsula, involving the whole land 
in general glaciation, with the direction of movement from 
the east. This was succeeded by local glaciation, similar to 
that at present noticed in the ice cap of Disco, though less 
universal, partly because of the smaller land area, and partly 
because of the more irregular topography. During this time 
the ice movements were in various directions, and the trans- 
portation of fragments and the striation of rocks was in ac- 
cord with the minor details of topography. The ice then 
moved in northerly, easterly, southerly and westerly direc- 
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tions, though the longest and most universal movement was 
the first, toward the west. Probably before the general ice 
covering, there was a stage of local valley glaciers, of uewly 
born glaciers similar to those now dying. This more contin- 
uous glaciation, in the interior and shaded northern parts of 
the peninsula, has impressed itself upon the topography of the 
inland vitlleys in the form of much rounded roches mouton- 
nees hills and rounded rock areas of smaller size. There is 
also a marked contrast between the fresh rock surface and the 
rounded appearance of the bottoms of these valleys and the 
more angular hill sides and hill tops which have been longer 
exposed. 

Now raost of these glaciers have disappeared, the largest 
being the Looped and Nugsuak glaciers, furnished from the 
same snow field. £ven these are diminishing in size and many 
of the tongues which joined with them to form larger glaciers, 
are now present either in the form of nearly motionless gla- 
ciers, without snow fields, or else in the form of ice patches 
and snow banks, in the shady, protected valleys and moun- 
tain passes. 

LAKES WITH MORE THAN ONE OUTLET. 

Bj TbohAS L. WatboK, Ithaca. N. Y." 

The possibility of a lake basin having more than one outlet 
or overflow channel through which it drains has caused more 
or less discussion since the early sixties. The controversy 
first had its origin, so far aa known to the writer, about some 
Norwegian litke», but one which was especially significant at 
the time and caused considerable comment, was Lake Victoria- 
Nyanzn. It was then given as the head-waters of the River 
Nilef and described as having three outlets. These, with oth- 
er lakes, were described in the Athenieum J of London, and the 
controversy lasted from 1863 through 1866. This was follow- 

*ThiB esaay is inteodeti to reprcBeot a brief BuiaaiHry of the work (lone 
(ID lakes with more than oue outlet, and citation of retereDcee t» the 
literature, with a short deecription of several lakes of this bind noted 
by the writer during the past eutumer. 

tAthenwum, 1803, vol. i. pp. 843-845. 

Ibid., 18ti4, voLi, p. 1G4. 

Ihitl.. 1865, vol. II, p. 121. 

Iljiil.. 1866, vol. 1, pp. ;)67. 499, 564.565. 

lAthBna.'um (London)- 1863, vol. II. pp. 19. .'d. 11.1-114, ill-'i'iS. .ITS, 
616, 6.12. (J87-68H, 718-719. 820-SJ2, 8;J6. 
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cd by a eecnnd dismission in Nature* during the years 1873 
and 1874, find numerous lakes with more than one outlet were 
cited from many parte of the w^rld. Norway, the British Isles, 
Afrieii, Central America, the United Stutea and Canada, were 
the countries from which this lake principle was illustrated. 
Since thelirst example was made known others have l>een dis- 
covered and published upon, from time to time, principally, 
of course, by exploration parties. 

Many of the instances cited in the early and middle litera- 
ture were by tourists, or for the most part, by iintraiiied nat- 
uralists. If lakes were seen with more than one overflow they 
did not impress themselves upon the observer as being out of 
the ordinary — and in several cases were described from pure 
memory, after a long time had elapsed since the visit, which 
proved each time to be erroneous. 

Several lakes illustrative of this condition, proved at the 
time to have two overflows, but aftercarefui examination one 
of the overflows was shown to be artificiui, serving the pur- 
pose of supplying water power for running machinery, etc. 
Colonel George Greenwood visited manyof the localities from 
which thiscondition had been described, and succeeded in sat- 
isfactorily setting aside the statement, that these lakes were 
draining through two natural outlets. These with other care- 
ful after-e-vaminations of the lakes flrst described has greatly 
diminished thennmber; however, there still remain a few 
which have not been disproven but stand as authentic, und 
every one, so far, is located in an area that has been more or 
less recently glaciated. 

During the past summer while a member of the Cornell 
Greenland party in company with the sixth Peary Arctic e.^- 
pedition, the writer observed and noted several lakes having 
more than one outlet. These were scattered over the surface 
of an island located in Hudson strait, directly off the soulli- 
ern coast of BaflBn land, named Big island. Two lakes of 
this kind were given special attention. 

The first lake was a true rock basin, as one could walk en- 
tirely around it on the rock in place, save a short distance 

♦Nature. 1873, vol. viii. pp. 30i-3<X>, 382-38.3. " 

Ibid., 1874, vol. ix, pp. 3G3. 441, 485, 500-.W1. 
Ibid., 1874, vol. X, pp. 6-C, 44, 124, 185, 408. 
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of dome CiO feet. It was located in one of the fjord valleys, a 
short distance from the sea, and wafl rather small; averaging, 
about 100 by 40 rods in length and width. Apparently it had 
a fairdepth for ao small u body of water and was roughly tri- 
angular in uiilline. The two overflows were of about the same 
dimensiotis, one of them was a rock enclosed channel, the other 
was over a deposit of very large boulders, and both entered the 
sea as separate and dietinct streams. 

A very much larger lake was found some six or eight miles 
eastward from Ashe inlet, formed in the Intersection of two 
broad and deep valleys, approximattiily at right angles to each 
other. This basin was more regular in outline and was discharg- 
ing its waters through ./foe separate and distinct outlets, which 
were well marked and detiiied and were about equally distant 
from each other.* They flowed from the same side of the 
lake and had £he same direction seaward. It is possible, and 
perhaps probable, that they united into one large stream before 
reaching the sea. Time was insufficient to confirm this. The 
valley through which the outlet channels drained was filled to 
some extent with drift. It is a possibility and only so, since 
no evidence could be found favoring it, thiit during the break- 
ing up of the long winter snows, which must be very heavy, 
the lake reached farther down the valley seaward, and what 
was seen as five distinct outlets, may be united into one com- 
mon but temporary drainage cha'nnel to this basin. As I have 
stated this must be considered as only the barest possibility. 

Bellf , Low^, and Tyrrellg, have described a number of lakes 
in northern Canada with more than one overflow channel. 
Several of these are very large bodies of water, especially one 
described by Bell as having four separate and well defined 
outlets and draining n<irth, south, east and west, and is some 
thirty miles in length. 

Whether the condition is a permanent one lasting through- 
out the entire life history of the lake is at present quite be- 
yond demonstration, and practically would be very diffioult 
to prove, if ever. However this may be, it is an assured fact 

•The writer crosaed each one of the channels in sectioning the valley 
thruugb which tbey coursed. 
tBull. Geol. Soc. Am., ie«0, vol. i, p. 101. 

J The Geog, Journ. (London), 1890, vol. v, pp. 519, 532. 
Ibid., l^, vol. IV. p. 438. 
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that lakes are known at presont where the dritinuge is through 
mure than one channel, and each one has been absolutely 
formed by natural procesee, since they lie within the domain 
of an uninhabited region. 

The opponents to the dual drainage lake existence have 
combattedmore upon theoretical than practical grounds, since 
they insist that it is contrary to all known physiographic 
principles for a lake to exist with more than one natural out- 
let, for any length of time. For, given the two outlets, con- 
ditions will favor the one more than the other for lowering 
its channel, and just as soon aa the one has reached a certain 
stage in erosion, this will form the permanent overflow, and 
the other will be abandoned. Theoretically this is true, but 
there are other considerations and some instances most as- 
suredly prove that conditions are favorable and have been so, 
tor the drainage of a lake through more than one channel at 
the same time. 



EDITORIAL COMMENT. 



SyNOPSia OF the Drift Dbposits of Iowa.* 
Studies pursued with the object of determining the distri- 
bution of certain types of soil and their relations to the drift 
sheets covering the state have incidentally demonstrated that 
the succession of Pleistocene deposits is more complete and 
more clearly indicated in Iowa than in any other correspond- 
ing area of this continent so far studied. The margin of the 
Wisconsin drift sheet was traced some years ago by Upham, 
but until recently this was the only Pleistocene deposit whose 
boundaries were approximately known. Two sheets of till 
were differentiated by McGee in northeastern loww. but it re- 
mained for the present survey during the past two years to 
recognize the southern limits of McGee's upper till. Mr. Bain 
has pointed out a body of drift below McGee's lower till, and 
sharply dilferen tinted from it, and Mr. Leverett of the U- S. 
IJeological Survey, has demonstrated the existence of drift in 
southeastern Iowa, intermediate in age, between the lower and 
upper till of McGee. The Pleistocene history of Iowa as now 
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for the first time clearly deciphered, includes the following 
succession nf events, euch of which has had Its influence in 
determining the present condition and characteristics of Iowr 

I. First stage of glaoiation, Albertan. Invasion of Iowa 
by glaciers and distribution of lowest sheet of till. 

XI. First iiiterglaciul stage, Aft<mi<i». Melting and retreat 
of glaciers and deposition of gravels, followed by n long 
period of forest growth, development of soils, and modiflcution 
of the original drift. 

III. Second glacial stage, fCnnaan. Cold more intense and 
glaciation more general than during the first stage. Distri- 
bution of McGee'fi lower till. 

IV. Second interglacial E'tage, Hvchnnnn. Introduced by 
deposition of gravels in Buchanan, Black Hawk, Floyd, Cerro 
Gordo and other counties. This F-tage was very long and the 
surface of the second drift sheet was profoundly modified by 
erosion, oxidation and leaching before it came to a close. 

V. Third stage of glaciation, /j/inoi'. During this stage 
only a small part of Iowa, embracing portions of Louise, Des 
Hoines and Lee counties, was invaded by glaciers. The ice 
came from the northeast, bringing boulders from tbe eastern 
shores of lake Huron. 

VI. Third interglacial stage (unnamed), during which the 
modification of the second drift sheet proceeded over the 
greater portion of lown. The small area occupied by the third 
depositof drift also suffered more or leas of modification. 

VII. Fourth glacial stage, Iinnmi. During this stage tbe 
northern half of Iowa was overrun by glaciers The southern 
limitof this incursion may be traced a few miles north of 
a line drawn fromlowa City to Des Moines, and then deflected 
northwestwardly to Plymouth county. It was during this 
stage that the enormous granite boulders so conspicuous in 
Bremer. Black Hawk. Buchanan and other counties in north- 
eastern Iowa were transported and deposited where they now 
lie. 

VIII. Fourth interglaeial stage Toronto (?). This fourth 
interglacial stage was short as compared with the second, and 
probably with the third. The amount of erosion, oxidation 
and leaching that during this interval took place in the suf- 
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face of the fourth sheet of drift ie altogether J nconftiderable. 
The amount of change that has taken place since the begin- 
ning of the interval up to the present lime i? comparatively 
email. 

IX. Fifth glacial stage, WUcontin. The last invasion of 
Iowa by glacirtl ice occurred in times ho recent, geologically 
speaking, that the youngest sheet of till exists prnctically in 
the condition in which the glacier left it. The area in Iowa 
alfected by this last invasion is nearly triangular in shape, the 
base of the triangle coinciding with the north line of tbe 
i«tate from Worth to Osceola counties, with the apes located 
at Des Moines. In the northern part of this area there are 
numerous stretches of ill-drained lands, the surface is only 
very gently undulating and the stream channels, wheredelir.eil 
at all, have cut only a foot or two into the prairie sod. 

X. The recent stage, since the retreat of the Wit-confiin ice, 
brings Pleistocene history down to the present. The recent 
stage, while long as measured in years, has been too ^liort to 
produce any appreciable effect in the surface of the Wisconsin 
drift. ' e.c. 



REVIEW OF RECENT GEOLOGICAL 
LITERATURE, 

The Univemitff Oeologieal Sai-vey of Kansas, volume ii, by Ekabhcs 
Hawobth and assietanta. (Pp. 318, platee xLviri, Lawrence, I88T1. .VI- 
thoogb tbe University survey has been somewhat hampered by lack o( 
funds fur their work, yet tbrou){h tbe perseverance and untiring efforti 
of its director, aided by competent aseiatanta, a second volume has be«i> 
issued which is even better than the first report. In the Sral v^dumr 
the stratigraphy of the eastern portion of the state was given, and vol- 
ume ti deals with the stratigraphy of the western portion, including the 
Cretaceous and younger foriiiatiuna. The report opens with an intro- 
ductory sketch of Kansas geology, followed by a description of tbe physi- 
ograpby of western Kansas. At tbe ctoee of Cretaceous time, tbe 
westward drainage system of eastern Kansas was turned eastward, so 
that with the opening of the Tertiary, probably late Miocene divisioii. 
the drainage was similar to the present while the climatic conditioDB 
appearto have been very different. The two formations are separated 
by a time interval shown in tbe extensively eroded Cretaceous surface. 
Over hall the Tertiary noaterial is in the form of silt, clay and eand. 
Tbe arroyos or short streams have great width of channel, very abrupt 
l>ankB, and are dry during the greater portion of tbe year. Associated 
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witb ttaem are sink holes containinc water only nfter heiivy rninci. These 
baeiDsform cbains and finally pass in to the form of thearroyo. Haworth 
belie res that tbe soft sands settle and form the sink holes, and the water 
collects and dralnsdowD to the underlyiog clay. Wheo the under sur- 
face is saturated the surface slips aod creeps downwanl uutil the sep- 
arate baeiDS draw together and form the arroyo. This interesting 
theory seems to accord well with the observed facts. 

The individual streams are described and discussed, and tbe .Arkan- 
sas river might perhaps be taken as a type of these streams. This river 
was at one time 50 feet or more lower than at tbe present time, deposi- 
tion is now in progress, gradually building the flood plain higher. A 
prominent feature of this river is the great bend commeDcing in the 
eastern part of Ford county. In an earlier epoch the river doubtless 
passed directly eastward, emerging frcira the state near its presi'nt loi:a- 
tion. As the river cut down into the s<jft Dakota it followed IhiH for- 
mation northward until base level uas reached, and tbe river could no 
longer corrode the Dakota blutfe. It was prevented from turning 
northward farther west, fur the north bank was formed of the resistant 
Benton limestone until eiistern Ford county was reached. 

Professor Prosser's name is closely conni 
knowledge of KansaH geology throu;;h his e: 
an. aod his paper in this volume on the Upper Permian and the Lower 
Cretaceous will be read with interest. K review of former work 
is given, showing that considerable difference of opinion has existed 
concerning tbe line of division between the Permian and Cretaceous in 
Kansas. Tbe upper fossiliferous shales and limestones forming the Ma- 
rion formation are overlain by the Wellington non-fuesiliferous beds, 
which have a maximum thickness of 4ja feet. Abuve this group la the 
Cimarron series, or Red beds, consisting of red sandstone and shales 
without fossils and a layer of gypsum fifty feet in thickness. As there 
is no break between this series and the preceding, these rocks are pro- 
visionally referred to the Permian. The Red beds are clearly separated 
(riira the Comanche by an eroded surface. The second part of protet.- 
sor Prosser's paper is devoted to the Lower Cretaceous. He refers all 
tbe Cretaceous deposits, as far as investigated south of tbe .Arkansas 
river, to the Comanche, which has two divisions separated by lithologi- 
oal and pal eon tolog leal characters. First, the Cheyenne sandstone, 
which is a coarse grained, friable sandstone, alioul fiO feet thick, with 
rugged outcrop and containing fossil plants. Second, the Kiowa shales 
with their greatest thickness, in Clark county, 140 feet. The rocks are 
black and gray shales with vertebrate and invertebrate fossils. The 
distribution of tbe rocks Is given with sections showing the order and 
thickness of tbe subdivisions. North of tbe Arkansas river, Kiowa 
shales are found at a number of isolated localities, reaching farthest 
north in Saline county. 

The third paper is a description of the Upper Cretaceous of Kansas 
by W. N. Logan with an introduction by professDr Haworth. These de- 
posits cover an area in northern central Kansas, of ^,000 square miles, 
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or Dearly oae- third of tbe state. The lowest div-JBion is the DakotH. 
which lies in a niirrow belt formio;^ the eastern border ol the Creta- 
ceous a ad COD slats of aandstonp, saliferouB and gypsiferous ahalea. A 
cnnaiderable number of Fossil plants occur in this division and it cod- 
taiDH twi> water hoiizoDS. The largest portion of the Cretaceoua e,rt» 
consists or the Benton limestones and ehalee, 380 feet thick. The Nio- 
brara, 400 Feet thicic, occupies) a narrow belt along the border ot the Ter- 
tiary area, and consists of the lower division. Fort Hayes Hniestooe, and 
the upper division. Smoky Hill chalk, which is rich in fossils. The Fori 
Pierre shales oi,-cur in northwestern Kansas with a maxiinura thickness 
ot 200 fBPt. This paper is followed by a short discussion of the rock* 
and fiiuna of the Kansas Niobrara by professor Williston. 

Haworfh. in another chapter, discusses the physical propertira of the 
Tertiary. This material consists of gravel, sand, clay, silt, black sand 
and volcanic ash. The gravel coDsiets of fragments of the erjBtalliw 
rocks and quartz, while the sand is largely composed of quarts. The 
black sand consists of grains of black iron oxide mainly magnetilo. The 
evidence from the surface and from deep wells shows that any oue kind 
of material is irregular in position, and that there is no definite rtlatioo 
between the differeiit kinds of material. The origin of the Tertiary ma- 
terials is regarded as due to the decay of the crystalline rocks in the 
mountain area to the west, and they are regarded as river deposila 
rather Ihan lakn deposits. 

In McPherson county occur alternating layers of sand and clay wilh 
a stratum of volcanic ash. These deposits belong to the Equus beOa. 
and are described by Haworth and Beede. The beds occur in a valley 
cut through the soft Permian shales and Dakota sandstone and the) 
cover an area of 900 square miles. The authors do not find eridenre to 
support the glacial theorj- of origin advanced by Sharp, and the evidence 
is against the other theories which have been given by other norken. 
No satisfactory explanation of origin, nor the agency of deposit of ma- 
terial, can yot be given. On account of the level surface, good soil and 
abundant water supply, this district is one of the best farmicfc ^E'*''^ 
in the state. In the final chapter, pr<-tes6or Williston describta the 
conditions existing in the Pleistocene in Kansas, and gives a liel <il l<* 
'sil vertebrates in that group ot rocks. 

The present volume is unifiirm in size with volume i, but the sen 
era) character of the papers is better, and the distribution of the plates 
through the text is an improvement- The typographical work i«M«l 
lent and refiects creiHt on the state printer. The report will be aent to 
those who wish it, im receipt of 22 cents for postage. g. p. o. 

Prelimiiuirg Hepftrt i/n Arlnian IValern of a Portion of the Dako- 
tat. By Nedwn Uokatio Darton. tExtract from the Seventeenth An 
nual of the U. 8. Geol. Survey, 1995-6, Part II, Economic Geology and 
Hydrography.) In this paper we have another notable example of the 
way the government survey is throwing its energies into economic geol- 
ogy. The author may be congratulated on the able way he baa collec- 
ted and illustrated the tacts known concerning this novel and most in- 
teresting resource of our northwest. 
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After a brieF treatment ol the geology of tbe watt^r- bearing atrata. 
with DumerouBoroeaaectionB, be gives a detailed account of tbe wells 
by countiee. Here are furnished figured eections ot 133 wells, which 
afford an easy meane ot learninj^ tbe fbaracter of tbe formations pene- 

In discussing the sources ot the water, the limits ot tbe basin and the 
traune ot decline of preaeure toward the south and east, be agrees with 
other geologists. 

Concerning tbe amount of tbe waters, he comee to a more hopeful 
conclusion than some others of the government survey who esprcBsed 
themHelvee a few years ago. He thinka the areas of ex poped 'permeable 
beds in Montana, Wyoming and Dakota connects with the supply may 
aggregate nearly H,000 square miles, and says; "Tbe pr<>sent outflow of 
tbe wells can be but a small proportion of the intake ot the beds at 
their outcrop at tbe very lowest eatimates. This is quite clearly shown 
by the exceedingly slight influence in pressure that the wells have upon 
one another in areas where there are many wells quite near together." 
''It has been claimed by some persons that the pressure and yielda ot 
many wells are decreasing, but ot this I can tind no definite evidence 
that would indicate diminution in Ibe water aupply." "I see no reason 
why the artesian waters should not be produced in aufllcient volume to 
supply all local needs of the usual kind and Irrigate in a moderate way 
all lands to which their bead will carry them. I believe there are no 
i>!rouDds for tear that the water will give out or prove inadequati^ tor 
every need." 

The availibility of the waters for irrigation is stated strongly. "There 
are now nearly 100 farms on which artesian waters are used for irriga- 
tion on a greater or leas scale, not counting many gardena and several 
trial areas. In most cases the results have been so satisfactory that 
much interest and enthuaiaem has lieen aroused." "It can not be 
claimed that all the artesian waters of the region will prove acceptable 
for irrigation, but it does appear probable that waters unfit for this use 
will be found to l>e very unusual." 

An interesting account of the meth<H>B and results of such irrigation 
in South Dakota ia given, with several fine illuatratioos. 

In cloaing, two practical suggestions are given, one on tbe use of ar- 
tesian water for p<iwer and another on the conditions and management 
of arteaian wells. 

Tbe report consists of atx>ut 90 pages of text w 
and illustrations and 9 well devised maps. 

Some ot tbe points specially novel or notable a 

Tbe mapping and description of ten amall a 
their waters from tbe sands under the glacial drift. The main basin 
which has been referred to in most cases is from the Dakota sandstone, 
and possibly some older formations. 

Another is tbe mapping of the floor of the artesian basin, or ot "bed- 
rock" under the Dakota aandatone. This has never been attempted 
before, and data are too few and too uncertain to do it aatisfactorily : 
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etill an attempt is com mend able. Having );iveD eonie attentiuti to the 
subject we venture the foUowiag criticisms. In general the "hard rock" 
which he hne thought to be the Sioux quartzite ie [irobabJy nut Ibal, 
where remot« froai exposures of that formation, as at Wolsey, Aberd«eD 
and Plunkinton. At the last locality, accordiog to the testimony of the 
well-borer employed at both, it wae the iame as found at ScotlanJ, 
which was a sandstone cemeuted with lime iaal«ad of nilica. Numerous 
hard layers occur in the Dakota sandstone, and it is not unlikely thit 
some older rocks intervene between that formation and the ccygtalliiiB 
rocke in the lower portions of tbebaein. Moreover, the Baropleeofeup- 
poeed "Ari-hean rock" preserved in the high school (wllection at Aber- 
deen are a fine gtavel, not crystalline at all. 

Some rather striking irregularities represented in this floor are possi- 
bly traceable to nilBconceptioDB of topography. In tact one deficieaty 
ia the reporta of Iho welle ie the omiesion of the altitude of the moutb. 
This criticism probably applies to the bay-like depresaione in northern 
Minnehaha and Vanbton counties. That in Douglaa couDty eeem» lu 
rest on the somewhat doubtful evidence of one well. 

To explain the irref;iitaritiesot pressure, besides that of leakage akini; 
the eastern margin, unr author recognizes local leakage, asaCCbamber- 
lio; the closing of certain water stcata toward the east while others are 
open; and the varying coarseness of the water-bearing deposit and cou- 
Bequent variation in the velocity of subterranean currents eastward. H« 
also suggests tbe imperfect construction of wells and the consequent 
subterranean leakage of some wells. 

If more weight had been given to this factor his map of pressure and 
of the limits of the basin would be saved some complexities. Another 
cause of discrepancies may be hasty or mistaken reading of pressures. 
Still another, doubtless, is tbe derivationof waters from different strata. 
This may perhaps most plausibly explain the lower pressure at JamM- 
town and Pierre. 

The paper is not only of scteutiflc value, but is ot such ecoaomic util- 
ity that we hope it may be issued separately tor wider dtstributioD. 

Miniralogie tie la Fi-ance et de sen eolonien, tome ii. Ire partie. -^' 
Lacboix. Paris, Beaudry et Cie. ISft'i. 355pp., numerous Uluatrstions; 
15 francs. This work continues the physical and chemical description 
of the minerals of France, and embraces a study of the geological con- 
ditions of their natural occurrences. With this part the work is nol 
concluded, but another part will contain the metals, arsenides, antino- 
nides, tbe sulphides and sulphates of the different metals. Tbeprewn' 
fascicle is devoted almost entirely to the feldspars and zeolites. ThM* 
difficult minerals are defined and distinguished by the new and reHO" 
optical methods of the French petrographers as well as by the usual 
chemical and more obvious physical characters. The work marks a 
distinct advance in descriptive mineralogy and in petrographicsl classi- 
fication. N. H. *■ 
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Urher die geologiachen Verhailni*ee de» Cambi-ium von Tyrovic und 
Skrrj in BOhmen, won Jaboblav J. Jahn, 10 cuts, ISO p. (Jahrbuch 
der K. K. ReoioK. BeJcheanStalt. 1895. Bd. 45, Hft. 1, Wien, 1896.) 
Thin work is in toany respeuts complementary to that of Dr. Pompeckj, 
published about a year &go, and reviewed id this Journal,* but the 
present work deftlB chiefly with the stratigraphy of the Bohemian Cam- 
brian rockfl, and that mostly at the localities from whith Dr. Pompeckj's 
collections were made. The different variations of the rock- material, at 
the spacial horizons and localities as well as the various species of 
Cambrian animala is Fully set forth in this paper. 

Barrande's Etage B is said to contain three t«rrains; the lowest consists 
of graphiticclay slates.etc., thn second or tufaceous KTauwacke amoci- 
ated with various porphyries, and the third a coDglomerats and sand - 
stone contaiuing a Lower Cacnbriau fauna. 

Barrande'e Etage C in called Middle Cambrian, and contains the Par- 
adoxides fauna. At one locality it shows effusive beds of felsite at two 
borizona, and has conglomerates at the baae and summit, tbe body of 
this stage bping the well-known Paradoxides slates. 

Thecarpfuily staijied 8..'ctiona of the Cambrian district, described in 
this article, give very exact knowledge of the horizons at which the 
several PrimDrdial species of Barrande are found. The indications for 
depth and habitat of tbe several sjiedee are drawn out at some length, 
and there is a full table of these species Hhowing their vertical range. 

Xhe Paradoiides fauna in Bohemia is not so clearly divisible into 
sub-faunas as is that of Sweden or eastern Canada. Yet there are really 
two groupingH of the species, tbe upper of which is found in the red 
elatesof "Pod hruskou" and is marked by the lavigat« Agnosti ami 
tbe dwarfed and aberrant types of the genus Pnradoxides. P. bohem ■ 
isun of the Jinec locality will probably belong to this section of the 

The KammenA hflrka locality fossils are of a separate fauna and are 
referred to the Lnwor Cambrian, and said to be of tbe Olenellus stage. 
though no spacies of Olenellus is named as occurring at tbe Cambrian 
localities in Bohemia described by this author. 

This paper and Pompeckj's earlier one on the fauna are necessary to 
tho^e who wish to become familiar with tbe latest observations on the 
Bohemian Cambrian rocks. a. r. k. 

St. John, N. B., Canada. 

Eleineataru Qeolouu- By Ralpj S. Tarr. 12-mo, pp. 499, 1897. 
(Xew York, The Macmillun Company, Price fl.40.') In looking at this 
new work, which adds to the already large number of elementary text- 
booksot geology, tbe ilrst impression is that which is produced by a book 
excellently published. The publishers have done their share to give it 
a fair and favorable presentation. The paper is smoothly calendered, 
and the 283 Illustrations, which are well-chosen half-toned engravings 
from photographs, are well printed. Indeed the book is a pioneer ex- 
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ample of what certainly is destined to be the prevalent method of illua- 
tratiag text-books of natural history, la that respect it ia by far in 
advaoce of all goological text-books, whether American or European, 
and it marks an epoch in scientiAc inatruction. This excellence atone, 
other things being equal, will strongly commend it to teacher and pupil. 

The author is a well-known and competent geologist, tbo compiler nt 
several other geolt^ical text- books. His general grasp of the science ia 
very comprehensive, and hie statements flow from his pen with enee and 
rapidity, in keeping with the familiar and systeuiatic style of the coltef^ 
lecturer. He nvoida. in this work, confessedly and properly, the tech- 
nical parts of geology, and devotes the greater part of the volume to the 
general principles of structural and dynamic geology. These principles 
are rapidly and aimply placed before the young student, who, with this 
work as a guide, cannot fail Ui acquire a love for geology. There ia no 
attempt at fine writing nor poetic sentiment. The pages are overflow- 
ing with geological truth, given in simple language. In case something 
hypothetical is introduced it is distinctly said to be hypothesis. There is 
no discussion, no hesitancy. The certainties only are put forth. In an 
elementary work discussion and hypothesis are necessarily excluded. 

There are evidences, though but few, of too hasty composition, or at 
least of too hasty publication after composition, and there are minor 
errors of statement of fact. All in all, however, the volume is admirably 
adapted to the purpose for which it is intended, viz., for a text -book for 
aecondnryachools, or even (or many college claasea. It is Well adapted 
for the use of college students that are pursuing clasaical studies, in the 
main, but who deaire an easy and comprehenaive glance at the princi- 
plee of geology. n. h, w. 



Olaciera of North America. Israsl C. Russell. Pp. 210, 8vo, 22 
plates. (Boston, Ginn & Company, 1897.) This volume puts into the 
form of systematic description what is known of the principal glaciers 
of North America, with an introduction giving the principal character- 
istics of glaciers and their effects on the rocks ai>d the production of the 
drift. The work is highly instructive and valuable to all who are en- 
gaged in glacial geology. Owing to the nature of the subject and the 
very easy and progresaive way in which it is treated by the author, this 
volume is a good introduction to geology, and many will peruse it with 
interest it not with wonder as the truths of glacial geology are unfolded 
to them through its pages. As one after another of the geol<^c sci- 
ences are specialized in text books, the day is near when the great 
"manuals" will be done away with. To understand glacial geol<OT 
thoroughly is a good term's work for an ordinary college class, but too 
often in our colleges not only this, but all stratigraphic and dynamic 
geology are crowded into one term. h. h. w. 
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INTERNATIONAL GEOLOGICAL 
CONGRESS. 

Skybnth Session, Russia, 1897. 

sbcokd circular. 

Aa a Bupplemeot to our first clrculAr, sent in the spring of 1806, we 
have the honor of submittiaK to 7011 the following details concerning 
the duration of the 7tb session of the International Congreas at St. Pe- 
tersborg, and tbe exouraions that it Is proposed to organize before and 
after the session. 

The sessions of the Congress will take place at St. Petersburg from 
the ITtfa (S9) of August to the 23d of August (4th of September) in the 
building of the Imperial Academy of Science. In regard to the pro- 
gramme occupying tbe time of'the Coagress, the committee of organi- 
zation has placed itself in communication with the president and secre- 
tary of the permanent committee, established by the session at London, 
and charged with the duty of preparing the questions that it will be 
desirable to submit for discussion. As soon as the programme shall t>e 
definitely determined upon we shall take care to address it, by circular, 
to all the geologists. 

As we have already had occasion to say in our first circular, a special 
hall will be assigned to at! the exhibits of catalogues, maps, profiles, 
editions, collections, etc. The committee of organization, after an un- 
deratanding with the Minister of Fioance, takes pleasure in announcing 
that all the objects intended for exhibition bearing the address, " Bus- 
BJa, St. Petersburg Exposition of the International Geological Congress," 
without having been submitted to any customs inspection on the front- 
ier, can come to St. Petersburg, where they will be unpacked in the 
presence of persons designated by the committee. To facilitate the 
formalitiesof Tis^iog the passports of geologists coming to tbe Congress, 
the committee of organization has placed itself in communication with 
the Minister of Foreign .\ffairs. who has instructed all the Russian con- 
suls in foreign countries to ameliorate, in favor of each of the geologists 
who participate, the formalities of the vis^ on the presentation of the 
membership card of the Congrees. At the passage of the frontier it 
will BUiRce to exhibit the same card to the employes of the custom 
house, who have been ordered to facilitate as much as possible Che form- 
alitiesof the custom house. 

All geologists who sball have paid the amount of their membership 
fee will receive a personal ticket giving them tbe right to gratuitous 
first-class transportation over the Russian and Finland railroads. Tak- 
ing into coneideration that these tickets must be prepared and forwarded 
in time, the Committee of organization begs those persons desirous of 
taking part in the Congress to pay their membership fee before the 13th 
i27th) of March of the present year. 

Tbe memtwrsbip fee giving the right to participation in the Congress 
has been fixed at 5 roubles=^tO marks^^l2 francB==10 shillings. This 
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auiQ should be addressed to the name uf the treasurer, A. O. Hichiklaki, 
geoloifist of the Geological Survey, (Geological Survey, St. Petersburg 
Wassilli Oetrov 4th line). 

ElHch (it the members of the CoDi^reBs will ultimately receive the work 
which is prioted oC the proceediuge of the Seventh Session of the Inter- 
QAtional Congrese. 

The definite programme of excursions which will be undertaken, some 
before as well as after the session, has been arranged as follows: 
I. EXCURSIONS BEFORE THE CONGRESS. 

A. EXCUBHIOH TO THE UbaL.* 

The directors of the eicursions will be: Of that of the 16th (SSlh] of 
July to the 22d of July |3d of August), S. NikiCin. Of that of the ^ u' 
July |3d of August) to the 3Lst of July (12th of August), Th. Tscheroj 
Bchew. In the Mineral Minea from the 2!tth of July (lOtb of Auku^"*" 
the 30th of July {WDi of August). A. Arzruni. From the 3Ist of Jul; 
[13th of August) to the 5tha7th)of August.A.Karpinsky. From the6lh 
(18th) of August to the 8th (20th) of August, Th. Tschernyachew. From 
the 10th (22d) of August until the arrival at Nijni-Novgorod and St. Fe 
tersburg A. Stuckenberg and S. Nikitin. Meeting of the excursioniats 
at Moscow the ITth (29th) of July. 

Persons desiring to take part in the excursion in the environs ol Mot- 
cow before the opening of the Congress are invited to meet on the- moro- 
ing of the 16th (33th) of July at Moscow, where it is proposed to m^''^ 
the following excursions: On the 16th (28th) of July visit to the J^<>^ 
lin and to the mountains of Worobiowy (mountains of the Sparro v> 

ITth (29th) of July. Dorogomilowo and Mniowniki. 

18th (30th) of July, Miatchkowo. 

ISth (30th) of July, evening, departure from Moscow by the r^kJIi^ 
of Riazan. 

19th (3lBt) of July, in the morning, Riajsk. 

20th of July (let August), morning, Syzran. Excursion in th^ ^v^' 
roDSof Syzran. 

2l8t of July (2tl of August), Samara; trip to Taarow-Kourgan t^-rA to 
the mountains J^ouli. Id the night, departure from Samara. 

22d of July |3d of August), stop at Slak or Dawlokanowa. At ii«*' 
departui'e for Oufa. Sections of Oufa. In the night, departure fro"' 
Oufa. 

23d of July (4th of August), Station Acha. From there on foofc "'■»' 
railway, but with stops, to the Station Miniar. The night will be jjW*" 
at Miniar. 

24th of July (5th of August) from Miniar to the station SimaksISi *"'' 
from there on htiraeback to the works of ^msk and vicinity of f^' 
works. Return to Stmek. 

25th of July (0th of August), from the Station Simskala by Tirjil snd 
Yakbia to Oust-Kataw. (The journey from Yakhia to Oust-Kalaw v\\\ 
be made on foot.) Stop at Oust-Kataw. 

JoumnjB in oiwn larriajtes, will Jo well t« iirovids tlinmselvet with Btninc int*™*' 
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2Gth of July nth August), Ouet-Katan to the Winzowala; frtiiii there 
on hnrseback to the mioe of Bakal, where the night will be paaaed. 

^Tth of Jul>' (8th of August), eiamiiiatioii of the strata of Bakat. Id 
the {•veDiDg OD horeeback to the works of Sutba, and from there to the 
stAtion Soul^a. Trip to the landiag of Satku (if weather permits). 

2Sth of July (9th of August), from the station Soul^la to Slatoouat. 
E;(amination of the eections of Kossotour; examinatioD of Ourenga. 

29th of July llOthof August), excurGlon to the Great Tagaaal (Bol- 
chol Tagaoal). 

The geolugists deairoua of visiting the Mineral Mines will make this 
a special excuraioD. 

30tb of July (llth of August), trip to the works of Kouasa. 

■list of July (12th of August), departure from Slatooust across the 
Urals. Stop at the station Ourjoum; visit to the mouotain Alexan- 
drowskala Sopka. Prom there to Miaa, visit to the plflcerB. Stop at 

let (13thi of August, mountains of IliDenand journey to Tcheliabinsk. 
A email group of excursionists will leave the station Bischkil to visit, 
under the direction of N. Wyssotsky, the gold deposits of Katchkar. 

2d (l*thl of August, trip to the mine of Wonliarlareki, and visit to the 
iniDes of Podwintsew and of Z^lenkow of the system of Katchkar, 
Kycbtyn. 

3d (15th) of August. Mt. Sougomak. 

4th (16th) of August, Kycbtym Ekatberinebourg. Visit to the Impe- 
rial factory for cultini; stones. 

Dtb ilTth) of August, excursion will divide itself into two groups: the 
one will visit the gold mines of Ber^zowsk, and the other will cross lake 
Werkh-Issetzky in a steamboat, arriving at the village Palkina (under 
the direction of O. Clerc). Visit to the mineral deposits of Eugenie- 
Maximilianovna (under the direction of A. Karnojitsky). 

ntb (18th) iif August, from Ekatherinebourg to Tagil. Mountain 
Wyaaokala. 

7th (19lh) of August, visit to the copper mines. MitSilnoroudniansky 
and to the mountain Lyssala, From Tagil Ui the manganese mines. 

8th (20th) of August, in the morning from Tagil to Barantcha. Trip 
to the miiuntain Sinala. Journey to Kouchwa. Mountain Blagodnt. 
Tho night will be passed at Kouchwa. 

9tb (21st) of August, from Kouchwa to the Urals by a branch road 
from Lounievskala to the works of Aleiandrovek. The night will be 
pasped at Perm. 

loth (22d) of August, from Perm descent of the Kama, 

llth (23dj of August, the mouth of the Bi^laia. 

12tb (24th) of August, Lalchow. 

13th (25th|of .\ugusl, Kazan. Reception at Kazan. Visit to the 
city and University. In the night tho party will leave Kazan and ar- 
rive the next morning early at Koznodemiansk. 

14th (26tbl of August, voyage to Nijni-Novgorod. 

15th (27th) of August in the evening or 
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16th (28th) of August in the roomiDg, arrival at St, Petereburg. 

B. Excursion in Esthonib. 

From Bt. Peteraburg to Revai, to the Baltic port, along the Baltic 
railnay, to the island of Dago. 

The excursion will be under the direction of Ft. Schmidt and will 
extend from the let (Uth) to the 15tb (27tbl of August. 

C. Ekcubpion in Finland. 
Under the direction of I. Soderhoim and W. Bamaay. 

Meetii^ of the excuraioniets at Holsingfora the morning of the 9tb 
<21st) of August. 

Departure tor Tammerfors the evening of the 9th (21et) of August, 
, where the night will be passed. 

lOtb (22d) of August, excursion in eteamboat to examiDe the shores 
of lake N&aij&rvi. Tbe night will be paseed at Tammerfors. 

11th <23d) of August, by railroad to Siuro; from there on horseback 
to Lavia. The night will be passed at Lavia. 

12tb (24th) of August, from Lavia to Tammerfors. The night will be 
passed at Tammerfors. 

13th (25th| of August, excursion In the environs of Tammerfors. De- 
parture for Lahtis, where the night will be passed. 

11th (26thl of August, excursion to Hessilft and return to Lahtis. De- 
parture for Kotka, where the night will be spent. 

15tb (STtb) of August. In the morning, departure for Hogland. Re- 
turn to Kotka, and departure for Wiborg, where the night will be passed. 

16th (28th) of August. In the morning arrive at St. Petersburg. 

16th (^th) of August, preliminary meeting of the members of the 
Congress. 

17th (39th) of August), openiug of the Congress. 

23d of August (4th of September), closing of the Congress. 

II. EXCURSIONS AFTER THE CONGRESS. 
Excursion to the Caccabus* 

Departure from St. Petersburg the 21th of August (5th of September) 
in the evening. 

25th of August (6th of September): Arrive at Moscow, and stay at 
Moscow. From the 25th the 27th of August (6th to tbe 8th of Sept.), 
repetition of the excursions in the environs of Moscow for the persons 
who desire to take part. (See first three days of the Excursion to tbe 
Urals, Kremlin, Worobiowo, Dor<^omilowo, Mniowniki and Miatcb- 
knwo.) 

'Hie excDnlun to tho CanCBiiug. without atop, in tbe center and soathern part nt 
SusBia, nill not be aDdertakeu on accouDt nf tlii- Email aumber of geolosisls whn 
liHvo Bipreaseii thair dusiro to take part in it- 
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DEPABTCBE F 

(Dinctora: 28thorAn- 
Buativtbof Sept.) S.Jiiii- 
itiDi2Beb or August aotb 
of Sept. ) A. QoureiT : from 
tlie»Hb of AORust (I'^th of 
fMpt.) to the 1st (13thl ot 
SepCI Tb. TaDb?ni}9chew 






awxind.} 

2ni.b of AoBuat (Mb of 
Sept-I. Di^pBrture from 
Uoxcoir Id the mornion. 
Stop Rt I'odoUk. Touln 
■ud AlekaiDo. The Di«1it 
RtKourak. 

290) lit AUKuflt nutb of 
Sspt.l. Kharkflw. Slop at 
KlierkoiT. IVpartnre at 
niflht from Kharkov. 

Sept.). Basin of Iba Do- 
nots, Wolyntiowo. Mer- 
cury iniue. Corlorka. De- 
partare at night to Roe- 

l»t (Wth) 3ept, Roatow. 
3d (Utb) of Sept. Uin. 



iting. ID pasBliiK. J6lil 
Qonowdsk. Piati«!ora 
and Essenloukl.* Tbn ol 



aliuky.) 

Mtli of AugiiBt (7th ot 
Sept.) Departure In the 
evening from Uuscow to 
Sijni-SoTBorod. 



INth of August (Bth t 
Sept.), Kaun. 
SOth o( Aucast (lOth 

DaliDoivkalon the t 

Kniaa anil of Simbu' k 
Goroiliahtche. and rem 



t (13Ui) of Sept. 



bukovka. In tiic oTeuing, 
arrive at Kamycbin. 

■id (Utb) of Sept. Stop 
near liaJyklei. Tho eame 



n Tiaril 



1 Wladiki 



(Under tho dliBCIiun or 
N. Sokolow.) 

2Ttb of August <7th of 
Sept. Departare in the 






o Kiew. 



2Hth ot August IDUi of 



depoaltH ot Kipw 



Sep 



(.by St 



lov. Inthu 
mboat to 



Kbor»on. Visit to 
V irons of KhunoD. 

1st ( lUh ) of Sppt. From 
KberBua te Nikopel and 
trum there to Aloiandro- 



From tht> 4th (16tb) to the 7th (Wth) Sept. the three groups reunit<^ 
will proceed by the military road of Georgia to Tiflia. uuder the diree. 
tion o( F. LjewinBon -Leasing. A small group will detach itself at 
Wladiltavkaz and under the directloo of b. Kelenko, will goto the gla- 



•Tbe persons who will vi 
to Elboraus will be maile > 
iTtlt sleep Id wnts. The pi 



raU at Kislonodak. The eicut 
I take about lour day?. The p 
1 the other part of tlie Bxcuraio 
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lilitaryrood of Georgia the Ttb (lath) 

y to TifliB. 

at Tifiii and departure, tho 9th laintj 

in of A. KoDcbiDandJ. SjOgrf^n. 

pt. at Bakou. 

11th (23d) Sept. from Bakou in the 

There the excureioniats tciU divide 

The tnlaUtr aroup Bill proo«-d umler 
tha dirsctioD or A. Koncliin. from Hi' 
PlatloD Hikhallowo to Borjom, vbere it 
will pass Che night. 

On the laih (2ith) Sept.. jouniey on 
oreeback from Borjom to Abas-Tuamu). 
The night will bespcntin Abas-Tounnu- 

The itth IvMth) and IMh (27[li i Sept., 
the journey from Abag-Toamsn to tlw 
otationRionnilltntnadEwitlia. baltw 
the road to pnse the night. 

akf part in the general exevrft ion l<> 

e to take part in a special excuraion 
I direction of S. Si mo now itch will de- 
in and will remain in the Cavcaeus 
rive in the Crimea UDtil towarcSs the 
1 15th |2Tth) September in the maru' 
fl in the excursion to the Crimen will 
■ening oo a steamboat /or Klcrtch. 
■.at the 17th 129th). The entire day 
>te(l to the visit to the envirtio" o' 
tndrouBBdW. Departure at ni^hl in 

Excursion on foot, under the •^^' 
departure that evening in atea tub"*' 

■Bion to the environs of Soadak •I'^'J 
; Alouchta the excursionists w • H *" 

The tei-und onmp ilo the iinmti'*"""" 
peraouB at tho moHt) under the d> '•^'^ 
ofA.ColorklQSks, will remain at.AJ°°'>'' 
ta. where it will paas the night. 

The anh Sept. (M Oct.).pf,nli<^^^ 
parti)' in carriagea, it will pm^**" 
Yalta. visiting Kastol. Bljouk-L,^"''*'- 
Aljonilag, etc. 

TheElBtSepl. (3dOct.)crusiio«- """ 
iiiouutaiti bf thB new road, paf*^'"*" 
Valla, nrriiintiat Bakhtchinant- 

ie22d Sept. (1th Oct.), BHOrrnion ■" 
enrirODS of BakhtchigsarL '" '°' 
liug. on horeebaEk to Bebaalaf>^ 
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The 23d Sept. (5th Out.) reunion of all the excurBiouists at Sobasto- 

£nd op the £xcdb8io». 

Aguide of the excursioa is being printed at this monieot, provided 
with a geological CDitp of Rusain on a scale of I t« 0,300,000 (150 versts 
to oDe EDglisb inch), and with DUiiierous specinl [:BrdB, proflleB, and 
ItguroB. Tbe members of the Cungress may rec-eive this guide, that is 
to eay at the latest by the end of April, oo payment of ten franca. 

The committee of organization which has taken all possible paine to 
diminieb as much as possible the expense of the excursion to the Ural, 
has fixed the price at 150 roubles (400 francs), including subsistence 
from the departure from Moscow to the return to St. Petersburg. Thia 
price could he secured only thanks to the personal effort of the Minister 
of Agriculture and of the domains of the Empire, hisexceljency A. Yer- 
molow, to whosu juristiiction the Geological Survey of Russia lieloogB; 
thanks also to the proprietors and to the administration of the districts 
having works and to tbe kindness of the administration of some of the 
cities Iviog along the route of the excursion, which have been pleased 
to grant the largest hospitality. 

The excursion in Eethonie will cost 50 roubles (135 francs). That in 
Finland in estimated at 50 Finland marks (50 francs.) 

The expense of the great excuraiun after the CoDgreas (see the three 
variations, but not comprising the excursion to .Ararat, to the glacier 
Mainisson, and to Elborous) will amount per person to 250 roubles {&oii 
francs). The persons who desire to make but one part of the general 
excursion' to the Caucasus and in the Crimea, and similarly those who 
will remain in the Caucasus to take part in tht' special excursion to 
Ararat and to the glacier Hamiseon, will have to pay 8 roubles (21 francs) 
for each day passed in the general excursion. The excursion to .\rarat 
will cost 100 roubles 1270 francs) per person. 

The special excursion to the glacier Mamiason will coat 45 roubles 
(120 trance). 

The participiints in the excursion to Elborous will pay 15 roubles (4(1 
francs) besides the expense of the principal excursion. 

The excursion from Vahta to Sebastopol by Bakhtchissaral will cost 
15 roubles (120 francs) in addition to the expense of tho principal ex- 

fn determining the amount of the expense of the excursions, the com- 
mittee on organization deems it a duty to add that in case these expen- 
ses should be less, each of the excursionists will receive the part which 
comes to him after the verification of the sums which have t>eeD ex- 
pended. 

In tbe name of the general committee of organization. 
The Bureau, 
A. KARPiKBKr, President, 
Th. TaCHBB.'4rBCHBW, Oeiiei-al Secretary. 
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CORRESPONDENCE. 

MoRAIHRSOi' RKCE9SIOK ANDTHEER 8lGNllf|CANCK IN GlaCIAI-THE- 

oRV.* The Wiaeonsio stages of glajiatioQ shiiwa ttfteeo t«rmioal m''' 
raiQH9 in (.-onsecutive ssrias in the interval between Cincinnati ami tl*^" 
atrjiits of Mackinac, and three more farthur north probably bftlongvut 
to the same series. The count of moraines was made in the asces of " 
conoec'ted seiiee olopen valleyaand on the lake shore where the oscilJa- 
tiouor the ice-front wa i freest and its amplitude gieatest. With due con- 
sideration of topography and its influence on ice-motion, it Beetns ftp- 
parent that the series is completely representative of all theoscillAtions 
which the ice front imderwent in retreating over this interval, and 
further, that the oicJUatLuns were diitinetly of a psriodic nature wnd 
that the periodicity affected a wide area. The oscillations of tbe ic^- 
front is attributed to climatic oscillation and this, it is thouj^ht, can be 
ascribed only to an astronomical cause. Theoretical conBidemtionB an<l 
also the bast conclusions deducible from recent observations in Green- 
land by Chamberlin, Salisbury and others, indicate a very elow rftte ft 
motion for the ice-sheet. And further, the same theoretical coosidera- 
tions and observations indicate that nearly all the drift transported by 
the ice- sheet was carried englacially, but that the load of del»ria id 
transport in a given section of the ice was quite small. On these grouoiM 
the annual and thirty year periods of climatic oscillation are rejttt^ted 
as tar too short. It is believed that the building of a terminal morftrn^ 
five miles or more wide and 50 to 300 feet or more high required b«B 
dreds or probably a few thousands of years. The imbrication t>f "^ 
drift, the form of the simplest moraines, and other phenomena ^l*"" 
that the moraines were generally, if not always, built after a re-ad '''^"^ 
of the ice. The oscillations of the ice-front were like those which WouW 
be produced by the precession of the equinoxes through its infloec**^* "" 
climate. This, therefore, is tiiken as the probable, but not the cr^''*'*"' 
causj. The average period of precession is 21,000 years. Itse3t*'"*'"f 
minimum is 10,500 years. The minimum is believed to accord wel 1 ^' 
the evidence, but theaveraf,'e seems rather long. _,, 

While the oscillations were going on there was a greater and *'* 
slower change of climate in progress. TTio r^ularity of the n " 
aeriea proves the entreme slowness and regularity of this | 
change— whether its rate was uniform or varied slowly in a uxa"*^""" 
way. The lattfirmode isindicatpd by the facts, and this too, tl»^"* 
it secmg to the author, has a distinctive character which can t>^ 
cribed only to an astronomii-al cause. The oscillation of the ic*5 - ^'"'^ 
and also the greater climatic change that caused the epoch of fiT*^*^'* 
Hon are both astronomic in quality. CrolPs hypothesis, even witia ^S*""* 
modification, is nut thought to be a satisfactory explanation. 

F. B. T*if K-^**' 

*AbHtract ot imper rcud at Washingtou. Docomber, ISM. 



:>r»"" 
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PERSONAL AND SCIENTIFIC NEWS 

Professor C. H. Hitchcock, of Hanover, N. H., is about to 
organize another expedition to Greenland for the Biimmer of 
1897, with Lieut. Peary. The coef per man, lust year, was 
1^500, and it is expected to be about the same this year. 

New Mikk iNt-PECToK in Kestuckt. Governor Bradley has 
appointed G. W. Stone, a lawyer and a politician, who -'warnj- 
ly supported governor Bradley in his race for governor in 
1895," to the position of mine inspector of Kentucky, Such 
positions, requiring the knowledge and skill of a practical 
geologist, ought to be exempt from the spoilsman's control. 

Governor Tanner, of Illinois, through the inscrutable 
ways of political magic, has converted u eteiiniboat ageni into 
H geologist. In other wordy, he has appointed Mr. C. H. 
Crantz, ?tate geologist and curator of the state museum at 
Springfield. When The ofHce of state geologist falls into the 
position of a politician's football, its questionable usefulness 
isexeroplitied by the tiistory of Indiana and Illinois for the 
last few years. 

The American Institute op Minino Enuineers held its 
seventy-second meeting in Chicago, beginning Tuesday, Feb. 
16th. The following papers, relating more or lese to geology, 
were read : 

The geology of the Diagnetites near Port Henry, N. V. J. F. Kemp. 

The manganese deposits of Panama, E. J. Chibaii. 

The Chicago drainage canal. J. F. I^in'n. 

The genesis of auriferous lodes from a chemical point of view. J, R, 
Don. 

The cement materials of southwestern Arkansaa, J. C. Brannei: 

The Chromite di>posite on Port au Port bay, Newfoundland. G. H*. 
JUai/nnrd. 

Faulting in glacial gravels. W. S. Orealej/. 

A Nova Scotia copper deposit. Heary Lewis. 

The J'otsdam gold ore of the Black Hills. F. C. Smilh. 

GEOLoiiicAi. Section of the New York Academy of Sci- 
ences, February 16, 1897. The first paper of the evening was 
by Mr. P. C. Nicholas, and was entitled '■ Kxplorations in the 
gold fields of western Columbia." 

Mr. Nicholas deseribed tbe curiuue plairers in western Columbia, 
which, while extremely rich in limited portions, are of very low grade 
when considered as extended propositions. The gold gravels occur 
aluag the western base of the Andes mountains and extend from the 
gulf of Darien southward up tbe Atrato river to Quibdo. They are alno 
found to the southward of the San Juan river, and are in the form of 
terraces similar to the terraces of the Atlantic stales. The surface ge- 
<)logy indicates that the gulf of Darien formerly extended a long dis- 
tance up the valley of the Atrato. Quite detailed descriptions of the 
valleys and of the character of the terraces were given in the paper. 
Mr. Nicholas described a route by which a man could sail in a canoe 
from the Atlantic to the Pacifio, in the wet season, by going up the 
.Atrato river to the Quito river, thence to tbe divide, which is a series of 
swampB, thence into the San Pablo river and so down the San Juan to 
tbe Pacific. 
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The Becond paper of the evening was by Prof. R, E. Dodge 
entitled " Recent work in Phj Biography." 

ProfesMr Dodge gave an outline ol De IJapuarent'e "IieQanB en G^o- 
graphie Pbyeiiiue," of Sir Jobn iiljliS£|L'^ '■Scenery of Switzerland," 
and ot two recent papers, one by ]^^!r^ainpbell, entitled "Drainage 
Modiflcationa and their Interpretation," the other by C. F, Marbut on 
"The Pbyeical Features of Miasouri." 

The last paper of the evening was by A. A. Julien on the 
"Sculpture and Sorting of Saiule." 

The speaker, by means of lantern alidea, illustrated various varieties 
of eanil, and their chief methods of origin and their compositions. After 
citing the schemes for the claesiflcation of sands advanced by Zirkel 
and Daubriie, he gave one of his own, which ivae mure elaborate and 
was partly based on the methods of origin and partly oa the physieal 
charactere. 

J. F. Kehf, Secretary. 

Starch 15, 1897. The first communication of the evening 
was by Mr. Ueinrieh Riea entitled " Mineralogieal Notes." 

Mr. RioB spoke of some allaniti- ci'yatals with new faces; also of some 
large ci^etals of fibrous gypauui from Newcastle, Wyoming: also eihib- 
Ited aome large childrenite crystata from Maine and some amphibole 
crystals with many terminal fsoea from Virginia. He also spoke of some 
paeudomorphs of gold after sylvenile from Cripple Creek, Colorado. 
The finding of a new beryl crystal with an unusually large number of 
terminal faces Id New York city was also noted, 

The second paper of the evening was written by Mr. Her- 
bert Bolton, entitled "The Lancashire Coal Field of England," 
and read in abstract by president Stevenson. 

The paper spoke of the geographic conditions of the Lancashire coal 
field and its neighborhood, of the extent and quality of the coal and of 
the age of the structural movements which had cauaed the present geo- 
logical characteristics in the coal area. A careful correlation was made 
between the coal meaaures of this held and the deposits of the United 
States. Distribution of the fanua and flora and their character was 
taken up in some detail and it was shown that in the lower coal meas- 
ures the life is mostly marine, in the middle coal measures of fresh and 
brackish origin, and in the upper coal meaaures that the fauna was 
scarce. When published this paper will be a valuable contribution to 
the literature of coala and will btf of great HSBistance to workers In 
America in their endeavors to correlate the deposits on the two sides 
of the water. 

The third paper of the evening was by Stuart Weller, of 
Chicago University, entitled "The Batesville Sandstone of 
ArkansftS," abstracted by Mr. Gilbert Van Ingen. 

The paper entered into some detail regarding the Batesville section 
and the fauna of the Batesville sandstone in that section. Of the inver- 
tebrates thirty species have been found, of which eleven point to the St. 
Louis age of the sandstone, six to the Kuskaskia age, while thirteen are 
of indeterminate value. On account o( the greater abundance of the 
numbers of specimens of the second group and from stratigraphic evi- 
dence a« well, it is probable that the sandstone belongs in the base of 
the Kaskaskia group and is the same as the Auk Vasa limestone of 
southern Illiroie. This paper gives the data wherewith to correlate the 
Misaiesippi section with the section about the Ozark hills. 

RiCHASD E. DoDQE, Secretary. 
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CHANCES OP LEVEL IN THE BERMUDA ISLANDS. 

B)' Ralph S. Tabs, IUihcb, N'. Y. 
(Plnles XVI, XVII. XVIII.) 

CONTENTS. Paob. 

Stopoof the Article 293 

CoDclusioua Beached by PreviouH Obecrrers. 2U 

GeaerslPesturBsof the Islnudti 298 

Aecnmolation of Iho Base Rock 297 

UncoDlormit}- at the Top ottlie Base Rock ZSH 

AccDmDl(itio»ii[tlie£ol)anBedfi. W» 



Si;npe of the Arlicle. The actunl field work upon which 
this paper i» bused occupied about two weeks in March, 1H96, 
during whii;h time a large portion of the islands was exam- 
ined. In the course of this study some points in the history 
of the islands were developed, and it is this that gives excuse 
for the preparation of the paper. At the same time, the study 
also led to other conclunione which had previously been 
reached by workers in the field. Since the veriBoation of an- 
other's work has a certain value, and since the statement of 
these other conclusions is necessary in order to make clear 
the bearing of the new observations, the article is made to 
cover the important facts in the development of the Bermu- 
das, BO far as these are revealed by the topography and strati- 
graphy. Hence the new observhtione form only a part of the 
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tirticle, the remainder being a cummury statement of the his- 
tory tie developed by others and as verified by ray own etudiee. 

(;-Hchisioii3 Reached by Previous Ob»ereers. A number of 
workers have been in the Bertnudu field, and although upon 
■"oine points there is now quite uniform agreement, there is tit 
the same time a c-onsiderable variety of opinion expressed in 
the published papers. 

The tirst iirticle descriptive of the geology of the Bermudas 
is by Nelson.* He points out the fact, to which all later 
workerH agree, that the Beriiiudns are composed of sand de- 
rived from the grinding of coral and other calcareous frag- 
ments, by the waves, and then accumulated by the wind into 
the form of sand dunes, thus constituting the present inlands 
of Berntuda. He also recognizes a dilferent kind of rock, 
harder and more dense, underlying pnrts of the island, to 
which he gives the name bme rock. 

Rein (Berieht u. d, Senckenbergische Naturf, Gesellschaft, 
1870, p. 140) has described the geology of Bermuda, but 1 
have not been able to obtain his iirlicle. 

Jonesf brings forward evidence of submergence of the Ber- 
mudas to H depth of not less than 4S feet. This is proved by 
I'.tcuvations and borings made by the government in connec- 
tion with the construction of the great naval dook yard on 
Ireland island. This evidence is obtained from the discovery 
of vegetable remains at the depth of 48 feet below the present 
sea-level. He argues from other evidence that this submer- 
gence of 48 feet is merely ibe minimum. The same author 
has published other papers coneerr 'he geology of the 

Bermudas.^ 

Wyville Thomson visited Bermud^i .Iinh.;. il,,- v.,/i <_'• ■ 
the (Challenger and published a description of ^"i,<: ', ■ ■': ■ 
tures.§ Among other things he says that there is really oiilj' 
one kind of rock in the Bermudas, namely the consolidated 
leolian sand described by Nelson. He mentions the base rock 
but says that it does not occur everywhere beneath the is. 

*TraD8. Geol. Boe. London. 2d 8er., V, 1840, 103123. 

tNature. VI, 1872. 262. 

^Jonee, Tbe Naturalist in Bermuda, London. 1858: also Visitor's 
Guide to Bermuda. Articles by Jones hai'e also appeared in the Proc. 
and Trans., Nova Scotia Inst, of Nat Sci. Neither of these deacriptions 
has been accessible, and hence I can make do further reference to them. 

§The AtlanUc, vol. i, 1877, 290-347. 
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lands. He gives a section (p. 319), made at the dock yard at 
Ireland island, in whicK the irregular Burfnee of the base rnck 
is shown to underlie the peat beds previously described by 
Jones. Descriptions are also given of the present encroach- 
ment or sand dunes upon parts of the island and a very cnm- 
plete description of the caves. The author previously* pub- 
lished some of the facts which were later described in more 
detail in "The Atlantic." 

A much more exhaustive account of the geohigy of the Ber- 
mudas is presented by Rice.f He mentions the discovery of 
pent beds in the center of the main island at depths of 40-50 
feet below the surface. His article contains a very complete 
desoription of the difference between the base rock and the 
leolian sand rock and he believes that the base rock proves 
subsidence. The upper limit of the base rock above the sea 
is found to be about 15 feet, where it is overlaid by wind- 
blown snnd dunes containing land shells. He slates that 
there is no evidence thai this base rock ie essentiHlly older 
than the teolian. 

The movements which Bice hna determined are as follows: 
"1. A subsidence, in which the original nucleus of the islnnds; 
disappeared beneath the sea, the characteristic atoll form was 
produced and the now elevated beaeh-rock was deposited. 2. 
An elevation, in which the great lagoon and the various mi- 
nor lagoons were converted into dry land, and the vast accu- 
mulations of wind-blown sand were formed, which now con- 
stitute the most striking peculiarity of the islands. H. A 
subsidence, in which (he soft drift-rock around the shores 
suffered extensive marine erosion and the shore platform and 
cliflfs already described were formed."* 

Fewkesg admits local subsidence of the leolian hills, but 
argues that the present outline of the islands is mainly due 
to erosion. He brings forward many facts showing marked 

In his Bermuda lalauds, Hei]prin|{ discusses the gsoology 
and geology of the islands. His conclusions (p, 46) concern- 

•Nature, viii, 1873, 20(i-267, and also xiv, 1876, 97, 

tBull. U. S. Nat. MuFPUm, No. 25, vol. i. 1B84, 1 .32. 

iBull. U. S. Nat. Mus., No. 25, vol. i, 1884, p. 16. 

gProc. Boston Soc, Nat. Hist., xxni, 1884 1887, 518 522. Aw. Geol., 
v, 1890,88-100. 

IIThe Bermuda IslaulB, HeilpHn, PhiJadeJphia, 1889. 
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ing the history of the lelands are as ToIIowb: the preeent land 
area was formed during a period of elevation, during which 
the entire archipelago wwb apparently a connected piece of 
land. The elevation was probably not leas than seventy or 
eighty feet, and may have been considerably more. The ele- 
vation was followed by a subsidence of at le»Bt 60-70 feet 
causing the lagoons and sounds. 

The last description of the Bermudas is that of Alexander 
Agassiz,* He accepts the aioUan explanation for the hills and 
the theory of subsidence to account for the present dissected 
condition of the islands. He also believes in nitieh erosion, 
but in the base rock he finds no proof of former greater eleva. 
tion as Riee has argued. He therefore holds to a single sub- 
sidence of the land since the formation of the sand hills. 

General Feature» of the I»l<inds. The Bermuda islands, 
one or two hundred in number, are clustered together in a 
group, curved somewhat in the manner of a fish-hoolc. The 
length of the archipelago is about fifteen miles and the width 
about three. In size they vary greatly from the irregular, 
deeply indented main island, whose area is about 10,000 acres, 
to tiny rocks in the sea. The greatest elevation above sea 
level is about two hundred and fifty feet, and a number of 
hills rise to the elevation of more than one hundred and fifty 
feet above sea level. 

This group of island i is situated upon the nearly level top 
of a peak which rises from the sea bottom, whose depth is 
twelve to fourteen hundred fathoms at a distance of only 
eight or ten miles from the edge ■ pcnk has the form of a 

volcanic cone, which probably '■ ■■!■ '.\i<-. 'H" ni i!'i? top. 

The shallow top of the peak is a rt -i .■• ■ • I ■ •uic.vn.n 

irregular shoal, elliptical in outline, with diui...'- ": •■■■■> .: 
twenty-five and twelve miles. The depth of water upon tnio 
shallow, reef-like plain is rarely over eight or nine fathoms. 
The islands which are set upon this are mainly clustered at 
the southern and southeastern side of the shoal. South of 
this are two other banks smaller in area, but deeper below 
the surface of the sea. 

♦Bull. Mus. Comp, Zool., xxvi, No. 2, 1895, 206-281. A shorter state- 
ment of tlie same obeervations was made in the Amer.Journ.8ci., 
XLvii, 1894, 411-416. 
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In structure the BeriDudae are mninly composed of wind- 
blown shell and cural ^and, confusedly thrown together in the 
manner common to seolian deposits. The wind-drift structure 
of the consolidated coral sand is everywhere iipparent. in road- 
cuts, in quarries and sea clilfs, as well as upon the outcrops 
in the fields, 'I'his is one of the most noticeable features of 
the geology of the islands. Not only is the evidence of the 
leolian origin distinct, but the process of dune formation may 
still l>e seen along the south shore, where the shell frngmentp, 
ground to bits on the beach, are moving inland over the sur- 
face of the islands.* 

While the greater pi>rtion of the islands which rise above 
the sea, is made of wind-blown shell sand, it is e<]unlly certain 
that in a number of places this rests on » pedestal of denser 
rock, the "base rock," which is older and much moie compact 
than the sund hill rock. This base or beach rock may be seen 
at various places beneath the cliffs of the south shore, and it 
was also discovered in the boring at Ireland island. Where 
in contact with the nand rock its surface is very irreguliir,+ 
but in no place was it seen to a hight greater than iifteen feet 
above the sea. In olher places it appears to be absent, al- 
though, as in the case of Ireland island, it may still be pres- 
ent at some diiitance below the sea level. While consolidated 
layers of the blown sand are generally soft and crumbly, the 
beach rock is always dense and hard, ringing under the ham- 
mer, like some even-grained igntous rock. 

Accumulation of the fl'i.ic Rock. As Rice has so satisfac- 
torily proved, this d"' - -iratum was accumulated under beach 
conditii'M" Ii- ■■ lart in iinsolidified form is now to be 

-■'■\: .': ii.- . .w ■ <- ' ■ .hes of the south shore. The texture 
^ •• ■■■ ;■ ■ loosing it is distinctly coarser than that of 
IMC Wind-blown deposits, and in it may be seen innumerable 
fragments of shells and corals which have been ground up by 

♦These dunes have been described by previous obaorverB, and a pho- 
tograph of a bouae partly buried beneath the encroachiDg sand, was 
talieo by Thnmsop, and published in "The Atlantic" (p. 312). The 
view shows the chimney and a part of the roof projecting above the 
sand. At the time of my visit the chimney was nearly covered: 
and a photograph then taken, showed very decided increase in the eand 
accumulation. However, by the growth of oleanders and other trees, 
the sand nuivemsnt is now nearly checked. 

tThis is well seen in Thomson's section. The Atlaotic, vol. i, p. 319. 
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the waves. A prolonged eeai-oh failed to discover any iHjers 
containing fossils euttiniently perfect for identification. Of 
the fragments obtnined, only a few were in Buch condition ap 
to warrant speeifle determination, and these were epeeiea 
which might be found either in Recent, Quaternary or even 
late Tertiary beds. Hence it has not been possible to deter- 
mine the exact age of this bed, the oldest of the Bermuda rocks. 

Unconformity at the Top of the Base Sovk. This layer of 
base rock outcrops at various places along the south shore, 
and reaches dilferent elevations, according to the amount of 
erosion of the eea and the consequent stripping off of the 
overlying ffiolian rocks. As has been stated, the base rock is 
often absent. The marked difference in compactness between 
it and the eeolian beds above, has permitted the development 
of extensive cliffs, with the foot resting on the base or beach 
rock. Where this base rfsts well above the sea level, the base 
rock projects in the form of rugged points and slopes, while 
whereits contact is near the line of wave attack, thesoftover- 
lying rocks, undermined at the contact, are maintained in the 
form of overhanging cliffs. Hence the difference in rock tex- 
ture is often brought out into striking relief in the topogra- 
phy of the shore line. 

While it seems evident that the base rock must everywhere 
underlie the eeolian beds, positive proof of this is absent. This 
admits of either one of two interpretations: — first, that the 
dense tower rock is local, and has no special significance, us 
some of the previous observers have thought, or second, that 
the surface of the beaeh rock is irregular, because of erosion 
before the blown sand was made to cover It Other observa- 
tions described below prove the latter to be the correct inter- 
pret«tion. 

At various places along the south shore, but notably on the 
northern side of Devon bay, the surface of the base rock is 
seen to be distinctly that of an eroded rock surface. Whetlier 
the denudation which produced this irregularity is that of land 
or sea is not apparent ; but the absence of a soil at the top, and 
the presence of pebbly beach deposits over the surface, shows 
that in some places the waves were at least the last to work. 

More convincing evidence of a distinct unconformity and 
erosion surface is present in the form of a conglomerate beach 
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HCciimiilRtion renting upon tha bane rock and covered by the 
M'ind-blnwn «and (Figfi. l-S). In origin this beach is much 
later than the base rock; for in it are found many pebblef: 
wrepted by the waves from (he underlying strata, (Figs. 4 and 
5), and these are aa hard and dense a? the parent rock itself. 
Hence before the pebbles were removed by the waves the base 
rfK^k bad reached approximately its present state of consoli- 
dation. The pebble beach here mentioned, also contains nu- 
mercMts shells of species that are now living, (Fig. 3). This 
unconformity, with all the features here described, may be 
seen with especiHl clearness at the point which forms the 
northern side of Devon bay on Main island. 

A ce II m Hint. ill II of the ^^olian Beds. In the basal portion 
of the teoliun beds on the south shore there is usually a layer 
of yellowish and reddish coral {or shell) sand, whose color 
shows the extent of disintegration before covered by the up- 
per beds.* In places this lower dfsco'ored layer is absent: 
but at Devon bay, the typical locality here described, it rents 
upon the pebbly beach beds and hence indicates a certain pe- 
riod of disintegration bcforu the sand which forms the hills 
began lo encroach. 

This proves an elevation between the period of bench forma- 
tion and the accumulation of the leolian beds: for a soil dis- 
colored by disintegration, and containing numerous land shells 
exists upon a pebble beach containing seu shells. How great 
this elevation was, cannot be exactly stated ; but it was cer- 
tainly not less than ti*".! !i ffet, for at this hight the sand 
hills rest o" il;- ■' - ' . -i-h. It ie probable that the uplift 

w--'- . ■ ■ • '■ I he various islands, and raise most 

-;;■■■-, u-:jg ehoals above the sea. An uplift of fifty 
..J leet would elevate almost the entire area above the 
present sea level. The reason for stating this supposed great- 
er elevation as a probability is. that there is evidence (stated 
below) that at one time during the history of the accumula- 
tion of the blown sand hills, the islands did actually attain this 
elevation. The uncertainty lies merely in the question whet- 

*The red und yellow stuin is that ot conceotrated iron salts derived 
from the cnrlKinate of lime during exposure to ttie weather. This color 
is present in the residual eoils of the BerraudHs, and is also found fre- 
quently among the awlian layers, wherever the Bccumuiation of the sand 
was checked loDg enough to allow disiutegration to produce this effect. 
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her this higher elevution came at first or Inter in the liU- 
tory. 

The time (xrcupied in the cipbiiidiiigof the preBent Bermuda 
hilln could not have been long. It is all contained within the 
Recent period, for the lowest layers of the dunes rest upon a 
beach rock containing Recent shells. For a mass of bills su 
high to be raised by wind action, cimsiderable time in certain- 
ly required, because the grains of sand must first have been 
formed by animals, then prepared by the waves before being 
built into the islands by wind action. But the«e proeeswe 
would be aided by the recent elevation, for this would bring 
within reach of the waves material that had formerly been 
scattered on the ocean floor. Moreover such elevation wimid 
furnish a smooth foast line of low level, along which exten- 
sive beaches could easily be biiill. Under such conditions of 
recent elevation as have been here suggested, dune forioa- 
tion must have been rapid, as it certainly was very effect- 
ive. 

It is a notable fact that the high hills and the most con- 
tinuous land of the Bermudas exist on the southern side of 
the great area of shoals. Numerous shallows and som.e rocks 
occur in the other portions of the reef, but the prominent 
sand hills are all on the southern side. This is probably due 
to the fact that the prevailing strong winds are from the 
south. Hence, here the waves furnished more materiHls 
which they were also better able to grind up; and the wind^ 
were also more powerful in the work of driving the beach 
sand upon the land. No doubt, lower dunes, less numerous 
und more scattered, were accumulated on the northern side, 
having since been destroyed, partly by submeigence of the 
land, and partly by wave action. That this is so, is sho^n 
by the remains of wind blown deposits now present in the 
shallows and rocks of the northern side of the reef. Thai 
these lower hills could easily be planed down by erosion, will 
be apparent to any one who has seen the activity of wave ac- 
tion upon a soft limestone rock exposed to the heavy surf of 
the mid-ocean. 

Recent Siihsideitce. It has been argued that the present 
irregular form of the Bermuda islands is the result of the cor- 
rosive action of the land water, aided by wave attack, the 
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chief advocate of this being Dr. Fewkee.* It is true that in 
places there haft been much destriictioii of the land by wave 
action, and it is also true that the porous rocks are easily hol- 
lowed by the action of underground water : but there are such 
strong objections to this explanation, and so little in its 
support', that it seems hardly tenable even as a theory. 
This phase of the Kermudu problem has been fully discussed 
by others, and I shall simply state the evidence that appeared 
to me to prove beyond dispute that the irregular outline of 
the Bermudas is the direct result of subsidence of an irregular 
land. 

First among these evidences I should offer the very outline 
and topography of the islands as proof of submergence. It is 
as typical an instance of a partly drowned land as can be 
found. The dune hills are in places partly surrounded by salt 
water, in others entirely encompassed by it, and in some cases 
entirely submerged. Between the submerged reefs and the 
sand hills there is every gradation. There is every intermediate 
stage from a land valley standing nearly at sea level, to a val- 
ley exactly the some in general features, excepting that salt 
marshes exist in the lowest part, and then to valleys occupied 
by salt water in such a way as to partly or entirely cut off 
portions of a ridge, forming either peninsulas or islands. An 
examination of the map shows this gradation, but a visit to 
the islands, and an examination of their topography, is so 
thoroughly convincing of subi^idenve that it seems difficult to 
believe that the evidence. can be questioned. 

Another feature of tlie topography that appealed to me was 
the abruptness of the coast on the southern shore. There are 
few benjiies, the main part of the coast line being wave-cut 
ciirts. Had the reef stood at this level long enough to have 
permitted the carving of the islands into their present irregu- 
lar shape, the wave action would have built beaches in greater 
abundance. If the land is hilly, a sinkingcoast, or one recent- 
ly lowered, will present a series of cliffs, at the base of which 
beach deposits cannot accumulate, because the material fur- 
nished to the sea coast lias not been sutllcieiit to build beaches 
on the bottom which is sinking, or has recently sunk. 

II, 1881-1888, .'J18 -522. An. Geol., 
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the topography pointing toward siibei- 
ation, is the disproportionate irregular- 
itid northern coasts. If the irregularity 
ng, this feature would be expected; for 
» originally lower, and hence, by sub- 
easily separated into islands and penin- 
, more uniform southern side; but if the 
rom erosion, the high, exposed, southern 
jart in which the greatest irregularity 

;re is other evidence which will perhaps 
o those who do not believe in the Inter- 
il history from topographic features. As 
beds and cedar trees, covered by accii- 
ind, have been found at depths between 
lelow sea level. Besides this, there are 
Be bottoms are below sea level, and in 
lites occur beneath the salt water. This 
-al who have visited the islands, and may 
a jiumber of the caves. Even granting 
icarved out bj water operating below sea 
iceived that the stalagmites were formed 
at its present level. Tbey, at least, must 
in it was possible for water to drip from 
loor, above the reach of the tide water. 

has occurred, and this to an amount 
' feet, and possibly, though not probably, 
This amount of s' -id^nce will account 
ies of outline, t\. ; :i ,,; (!"■ :!iinor fen. 
wave action. 

istory of the Bermudas reveaj^-.; .\ ■■ . 
it, is as follows: There was at first \Pv, 
ws) a base rock formed by the waves, 
II fragments upon the beach. This shell 
n consolidated into a dense limestone, 
he air, and finally attacked by the waves 
nly at one time about fifteen feet above 

Hence, first formed beneath the waves. 
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this rock was then elevated and denuded,* and finally de- 
pressed and attacked by the waves. 

In the last stage it wafi partly covered by beach depopitc of 
pebbles and shells. whi<;h were accumulated during a period 
so recent that the fossils contained are the same as those now 
living in the neighboring sea. Then came an uplift, during 
which land shells lived on the beach deposits; but these were 
soon covered by blown sand, and through this action of sand 
accumulation, the outline of the Bermuda hills was perfected 
by the agency of the windE>. This, however, was done at an 
elevation which at one ti me was certainly as great as forty or 
fifty feet above the present i^ea level. 

The last stage has been a depression, causing much land to 
disappear and the outline of the area to become very irregu- 
lar. This has carried the level down nearly to that of the 
beach which was formed before the uplift occurred, and be- 
fore the dunes were built. There is nothing to indicate that 
these fluctuations of level were ever very great, but everything 
suggests rather slight changes. The fact that beaches are now 
being built. Wave cut cliffs rising out of the water, and sea 
caves being excavated, is indication that the land is now 
standing at about the present level with little if nnv 
change. 

Most of the work of construction of the Bermuda islimdn 
has been done in recent times. 'J'^i certainly applies to the 
dune deposits, which are nci- ... Jated into rock, for they 
rest upon a beach cor!, i in of now living specimens. 

The base t">-\ . '■■ -<i-\- - jiuch older, there is a marked un- 
conf- 1 H-. 1 nod the overlying beds. It was aceu- 

■''i:i'i:' ' ;i ■■-.(rolidated into dense rock, and then eonsider- 
.-, , •' i.aed before the sand dunes began to grow. This 
iuakes the history of the Bermudas eomewhat more complex 
than has usually been supposed, and perhaps carries their his- 
tory back into Pleistocene or even into Tertiary time. 

*It is noteworthy that the peat beds of Ireluod island rest on the Ir- 
re(?ular Surface of the base rock at a level 45 or 50 feet below the sea 
level. Tbis indicates at least the amount of elevation before the snad 
dunee began. 
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ever exposed, is, however, charact«rietic of an extremely 
unstable surface throughout the period of deposition. Condi- 
tions favorable to vegetable growth obviously unequally 
alternated with subsidence and sedimentation. 

Absence of proof or even indication of particular synchro- 
nous denudation areas within the outer limits of the several 
survivals of the coal aeries is not without important signifi- 
cance. That the Olympic range was an island and the 
Cascade belt a peninsula in their relation to the coal-forming 
area, as sometimes assumed, the weight of present evidence 
tends to disprove.* 

Important facts, on the other hand, goto show that neither 
the Vancouver range, of which, as considered by Dr. G. M. 
Dawson, the Olympics are the continuation, nor the Coast 
range of British C'nlumbia was r«-elevated until at the close of 
the Cretaceous period, nor, indeed, to a considerable altitude 
until a late Pliocene epoch. Since that event partial Bubei- 
dence of both ranges has taken place. Though perhaps first 
outlined at the close of the Triassic period, the Vancouver 
range occupies an area which during the Cretaceous was, par- 
tially at least, one of subsidence and sedimentation, thus con- 
stituting a portion of the coal-forming Cretaceous littoral so- 
called, as recognized north of Puget sound. 

"The molluscan fauna" of the Puget group, as illustrated 
in the Newberry collection from the coal developments of 
Cedar and Green rivers, and Flett's creek, "being unique in 
character and comi"': ^ types which give little or no defi- 
nite indiciit''." ;>- .■ .riogical age, is," says Dr. White, 
'•■ .;.;■■' \'i .' '.rLlilesB as an aid in correlating the Puget 
:, uiiy otherformation."! Yet on the assumed factes 
<: Uiis' collection rests the further assumption, not only of 
uniform estuarine conditions during the accumulation of the 
coal-bearing series, but also the distinction as commonly 
drawn between the developments of western Washington and 
those of the gulf of Georgia. The only characteristic fossil 
found by Dr. White in the Newberry collection, namely Bacu- 
lite* chicoenait, is cnmmoti to the lower Snoqualmie river and 

•Compare Bull. U. S. G. S., No. 51, p. 55; No. 83, p. 107, with Trans. 
Roy. Soc. Can,, viii, pp. 10. 21, 
tBuU. U. S. G. S- No. 51, p. 56, 
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certain islands of the San Juan archipelago — partially sub- 
merged reliefs of the Vancouver range in the gulf of Genrgia, 
thuB serving, on the other hand, to connect the productive 
coal series of the Puget group with the.Chico beds of eastern 
Vancouver (Nanaimo group).* 

On the shore of Bellingham bay, gulf of Georgia, and vi- 
cinity, north of the Itttitude of Puget sound proper, coal- 
bearing strata in moderate elevation come down t<i the water's 
edge. The contact of this formation with the older rocks of 
the Vancouver series of the San Juan islands, is concealed 
beneath the bay. Along with a section of some 3,000 feet of 
lignitic strata still farther to the north at the mouth of the 
Fraser river, this formation has commonly been referred to 
the Neocene, on the evidence of earlier determiuHtions of leaf 
impres(<ions in the Gibbs collection. Both sections, however, 
though the more recently included by Ur. Daivson with the 
Puget group of White, equivalent with the Laramie, are 
apparently so included on the assumption of uniformly a 
higher range of that group as compared with the Cliico hori- 
zon or Nanaimo group of Vancouver island, and alsoof estuar- 
ine or brackish water origin. | This assumption not unnatu- 
rally follows from the fact that the small development nf 
marine Tcjon strata at South Seattle, as hitherto recognized, 
has been comprised by Dr. White in the Puget group, whith 
on physical grounds has been supposed to occupy transitioual 
relations between the Creluceoua and Eocene formations. 
The independence and inferential unconformity, together 
with an extensive area! distribution of these important 
strata, which really constitute, so far as revealed^ the basnl 
structure of the present maritime basin of the sound, has 
been pointed out in the preceding pages. 

Between the Roslyn survival of the coal series at a maxi- 
mum elevation of some 5,000 feet, and the nearest coal field 
on the opposite side of the Cascades, namely, that of Green 
and Cedar rivers, intervenes an Alpine belt about 36 miles in 
breadth. In common with the similar survival near Wenat- 
chee, at an elevation of some 2,000 feet, this culminating de- 
•DiUer, Bull. Geo!. Soc. .\m., iv, p. 217. 
tAmer. Jour. Sci., 1890. xxxii, p. 180. 
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veloptnt^nt, according to Mr. Bailey Willis, is undietinguisli- 
nble frnni the Piiget group.* 

Isolated ourvivalp of the coal series at considerable alti- 
tudes in the western foot hills of Mt. Rainer continue at 
intervals from the coal field of Green and Cedar rivers as ftir 
south at least as the head waters .of the Cowlitz, with more 
or less intimate environment of eriiptives, the same as in the 
Cascade foot hills to the north, and with maintenance of the 
general quality of coal as distinguished nt Witkeson. These 
survivals constitute an elevated belt, according to Mr. Willi?, 
from one to six miles in breadth, separated by « much higher 
eruptive range from the very extensive tract of lignite-bear- 
ing strata naturally exposed along the lower waters of the 
Nisqually and Cowlitz, and also in the upper waters of the 
Chehalis, well up in the southern foot hills of the Olympics. 
The occurrence of lignite on the opposite slope of the same 
range has already been mentioned, but on neither slope have 
any steps been taken to precisely define its distribution. The 
carbonaceous products in elevated localities, especially in the 
neighborhood of intrusive rocks, are of the more bituminous 
types of lignite, even approaching in places semi-bituminous 
and anthracitie products. In the less disrupted and less 
folded parts of the series toward the sound axis, and within 
its southerly prolongation,* the products are comparatively 
unaltered, or essentially brown coals of indifferent type. No 
ditferentiation of such gently undulating parts of the series 
from the Puget group, as distinguished farther to the north, 
has yet been recognized. South of the Chehalis only such 
shallow members of the carbonaceous sandstone series as 
have been penetrated by moderate river erosion have yet been 
brought to light, so that little has been revealed as to its sec- 
tional range. 

Whatever the taxonoraic relations of the carbonaceous 
formation at the mouth of the Fraser, no substantial grounds 
are apparent for widely distinguishing apart the general hori- 
zon of the coal series of Bellingham bay, where it was first 

* Vid. Geol. Railway Guide 1890. p. 265. Correlation of coal-bear- 
ing strata in the basin of the upper Columbia with the Neocene, as by 
Mr. RuBsoU (1893f is stated to rest on evidentje of leaf impressions. 
This remark, it is presumed- refers to early determinations of impres- 
aiuns found in certain collectioDs already mentioned from the sound 
basin. Bull. U. 8. G. 8., 18S3. p. 20. 
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made known to geologists, and of the Piiget 3ound basin, 
and iti" prolonged axis toward the south as far as the basin 
of the lower Columbia. On the contrary, it appears that a 
single series, occupying the low or axial part of the former 
basin rises in disrupted form in the foot hills of Mt. Rainer 
and the Cascades, and also of the Olympics. The present 
hydrography of the same basin and adjoining area has doubt 
less been determined by oscillations of level and deformation 
Nor, in the absence of paleontologieal evidence in Washing 
ton for comparative purposes, is it indeed easy to disc 
physical grounds for correlating separately any of the Creta- 
ceous remnants thus distributed from the survivals of the Ni 
naimo group of Vancouver island, from the study of whose se" 
eral survivals on that island and in the strait of Georgia has 
been gathered much knowledge of the Cretaceous littoral 
north of Puget sound, and its faunal relations. That prac- 
tically a continuous Cretaceous littoral extended from the 
strait of Georgia to the vallt-y of the lower Columbia, and 
laterally across the present expanse of the Cascades and a 
part of the Olympics, seems at present the most logical ex- 
planation of the areal distribution of coal-bearing strata as 
hitherto recognized within these limits. Apart from the fact 
of the development of such strata west of the latitude of the 
sound beyond that hydrographic basin, the persistent thick- 
ness of the most westerly survival of the mountain series in 
the Puget Sound basin proper, as at Renton, serves to denote 
a much more remote western or expiring edge of the original 
series. 

Disruption of the coal-bearing series, together with the 
basal structure on which it was deposited, and its extravasa- 
tion by eruptives near well-known centres of maximum re- 
gional elevation, were doubtless incidental t<i successive earth 
movements in the course of which were reared the several 
coast ranges of Washington and British Columbia. Such 
movements from the end of the Cretaceous cannot have been 
brought to a marked suspension till at a period subsequent to 
deposition of the latest Tertiary carbonaceous strata on the 
north shore of the strait of Fuca, and again, as far as known, 
at the mouth of the Fraser, nnr indeed to a close, as I shall 
proceed to show, till well up to the recent period. The limit- 
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ation of the local Tejon pandatone serieB, bo far ub yet ascer- 
tained, to the Pugtt Sound basin, seems, along with other 
faftts alrendy mentioned, to imply a neighboring area of denu- 
dation, corresponding to tiie regional post- Cretaceous eleva- 
tioiv in which the CaBcadeB were at first outlined, and the 
Otympiea re-elevated, in common with the Vancouver range 
and the Coast range of British Columbia.* 

Orogenic subsidence, giving origin to the Puget sound mar- 
itime bnfiin, appears to have been incidental to the same 
extensive movementB on the Pacific border, ap Hhown by the 
great thickneHS of the Tejon serieB at Restoration point. This 
series was Anally uplifted and turned on edge during a later 
Tertiary epoeh, and extravasated with eruptive material which 
likewise overflowed the less tilted, partly eroded and deformed 
coal series at Kenton. Base-leveling erosion was doubtleBA 
concurrent with the epoch of maximum gtaciati<m. To evi- 
dences of continued post-Glaciai OBcillatione of level in the 
Puget sound basin, I have already referred. f Further refer- 
ence to movements of the same kind remainB to be made. 
Evidences of generally c<mcurrent oscillations in British Co- 
lumbia have been pointed out by Dr. Dawson. J 

* DawsoD lip. eit. p. 10. 

tAccordintt to Mr. Eu^one Rickeecker, a raised beach irith whole 
clam pbelJB and turredu borings in cementet] eaoil is expoeed on the cast 
Bhope of Admiralty inlet, less than a mile north of Admiralty bead, 
some nine feet above tide, on the north side of an anc-lent channel, the 
flevatiim of nhich has served to cut off Crockett lake from the sound. 

An elevated shell lied, abiiut three feet in thicknees. is similarl] e.\- 
poeeil, eiKbt to ten feet above tide, at tbe head of the sound, in a rail- 
way cut tit the mouth of the Dea Chutes river, Mr. Erastus Brainerd, 
of the State IiHnd Commisrion, to whom I owe this infurmatrDn, has 
sent nie several species of shells which have been identified by Mr. R, 
P. WhitHeM as follows; Sn-ridumtix gigaiiteiiH (Desbayes), Saa^idomiis 
an-aUii' (Gould), Sti.ridiiniiig rigidits (Gould} and Hfhitothyzua nultalli 
(Conrad). —Pleistocene forms common tothe Paciticcoast, — as well as 
TapiH riyida (Gould), tbe nlihle clam of Puget sound waters. 

Mr. Brainerd islikewiBe my authority for the occurrence of a raised 
beaehwith wholeulam and scallop ahells, at Dungeneas, strait of Fuca, 
on DungeuesH river, one-half mile above its mouth. The measure of 
elevation asgiven is ab<mt 35 feet. A similar beach has been observed 
by Mr. Brainerd at Ballard, some eighty feet from the present shore 
line of Salmon bay and about eight feet above tide, and still another at 
Pairhavi-n. 

Tbe aljove occurrences were brought to my notice at the close of my 
last visit to Puget simnd. tcio late for a personal examination of the eev- 
erat localities. 

%Op. cit., p. 51; Am. Geologist, 1890, p. 153. 
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Between South Seattle and Chuekanut bay (Bellinghani 
bay) no survivals of rook at the surface oecur, eo far as I am 
aware, on the eastern border of the sound. A boring, 500 
feet in depth at the city boundary, (Bay View Brewing Co.) 
a few hundred feet north of Fossil blutf, is wholly in drift. 
Beyond the Restoration Point uplift of which Fossil bliilT is 
a survival, no solid basal formatioa has been discovered to 
the south, even in a deep boring (400 feet) at Delhi, Bhort. 
that is, of the solid border of the sound basin as traced in 
the foot hills of Mt. Ranier and in the Chehalis watershed. 
A few isolated basaltic outcrops above the drift mantle occur, 
as I am informed by Mr. Whitworth. in Thurston county, 
south of Olynipin near Tumwater and Beaver, and still 
higher up the Dee Chutes river. The accompanying profiles 
deduced from contours of government charts and maps, 
already cited, are intended to indicate the immense vertical 
development of drift both above and below tide, and to con- 
vey seme idea of the degree of glacial erosion incidental to 
the evolution of the present tideways. 

Two important vertical sections of the drift mantle have 
been obtained and graphically plotted: — namely, of the 
"South Sewer Shaft" at Seattle, one mile north of Fossil 
blutf, furnished by Mr. Thompson, city engineer; the other, 
also from shafts, sunk on ■' school section" No. 16, Tacoma, 
in the course of an investigation conducted by myself for 
the State of Washington, of contested ■'mineral applica- 
tions." The former comprises a section of 270 feet above 
mean high tide, the latter 370. Neighboring borings in both 
parts of th-j sound basin, previously mentioned, serve to add 
to theae closely observed sections gross metisurements of fur- 
ther depthe of 600 and 400 feet respectively. Generally 
Kimilar sections are constructively obtiiined at intervals 
from land reliefs and murine soundings. The divide between 
the sound and lake Washington rises to a hight of 450 feet. 
Thicknesses of drift up to 325 feet are exposed in many bluffs 
bared by recent landslides, as at Magnolia bluff, Duwamish 
head, AIki point, etc. Soundings olf some of these precipi- 
tous shores give depths of upwards of 900 feet. In lake 
Washington and Hood's cunul (inlet) soundings are reported 
from 600 to 700 feet. The minimum or measurable thickness 
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of the drift terrane above soundings mtiy be tulcen at hodic 
1,350 feet. 

Well exposed Bcctionf of the drift, aB seen in niimeroDS ver- 
tictil fl(^arpe. often exhibit more tlian a single mode of struetitre. 
SufHee it to noliee, at different relative leveln, uneqiiul thick- 
nesses of liorizontal siitp, generally unwmforinablj' overlying 
plunging and lenticular eands and graveli^. Luniiiiuted hilld, 
over 100 feet thiel;, are perfectly exhibited in a veriieut bluff 
on DiiwaQiish (Elliott) buy. ut West Seattle, iind a|po on the 
■ipposite side, in many street cuts Ht Seattle. Such deposits, 
some 25 feet in thicknezis, crown the Puyallup divide in the 
outsi(irtn of Tiicdma, and there constitute the locus of angutar 
erriitie blocks up to aeverul tons in weight. Smaller erratics, 
likewise angular, are also sparingly strewn through the Du- 
wninish bay silts. Both oocurrences point to former higher 
delta level)' of glacial rivers — namely, the Puyallup atTacotna 
and the Duwamisli at Seattle, and to distribution of erraties 
by bergs.* 

*In sinki^ at intervals through several hundred feet of the alluvial 
column at TuL-utua, numerous fa[.'tB Aere developed which go to show 
modification of Iht' drift in local circuinstaneea, mainly through the 
agency of undi^rgrouiid cireulatiou of water under conditions of a copi- 
ous supply, free perciilation anil a hydrostatic head. I refer in particu- 
lar to downward filtration of finerdetrital material through the coarser, 
resulting in Hfiwirtment of luiecellaneous detritus into bedded or lentic- 
ular gravels. Bands and clays, in the order named, usually upon afloor 
of imp<TviouB hardpan. Gravel beds become coarser toward the bottom. 
One bed observed at drainage level, about 1:00 feet above tide, graduates 
into large cobble Bt4)nes. All such occurrences throughout Uie region 
seem to be near the same relativB level — that is, never far from immedi- 
ate water level. The upp<'r gravels are fine and generally more or less 
cemented by ferric hydrate. Gravele cemented by clay occur only be- 
low the water- bearing horizon— no mechanical separation, as above indi- 
cated, having taken place under conditions of quiescent saturation, or, 
as it appeiu^, below the level of einifsioa. 

Another interesting i-flect of the same remarkable local conditions 
may be mentioned as follows: At the level of the principal water-bear- 
ing horizon, about 33ri feet aliove mean low tide, undermining takes 
place, followed by rapid erosion of ravines, by which the plateau isdie- 
Hecte<l. Above that level they are ordinarily dry: while below, the ac- 
cumulated flow has its own cutting power. Three ravines, known as 
Rastt Middle, and West gulches, have been sculptured from the drift 
terrane down to the remarkable depth of 400 feet to tide level, in the 
short distance of one and one-half miles—their eitreme length. Narrow 
watersheds, such as the intervening bells of plateau, crowned as they 
are witb impervious silts, cannot be the immediate source of the st-veral 
flows. The supply of water under a hydrostatic head, on the contrary, 
is obviously referable to hydrograptiic basins at a considerably higher 
elevation within the drift sheet, and tosources near itsupper edge. The 
nearest approach of the Puyallup river is less than two miles. Similar 
ravines are characteristic of the shore of Commencement bay all the 
way to Point Defiance. 



dbyGoo'^lc 



312 The Americmt Qeologig/. ««.!*« 

The continuity and uniformity of the great drift terraneof 
llie Puget sound basin, and especinlly the absence of anything 
like IwbI ninraini-s lowiiid axial parts of the basin, tend along 
with positive evidence U> prove that the mass of its mate- 
rial canniit have been uci^uinnluted and distributed by gla- 
I'iera alfine, local to the bordering mountains. Proofs of the 
existence of powerful glaciers are ample throughout the Cas- 
cades, as well as of their important though subsidiary part in 
the physical history of the region. The existing glaciers of 
Mt. Ranier are obviously survivals of an extensive system of 
Cascade glaciers of whose morainal material the present basin 
of the sound was the catchment. Further facts and consider- 
ations, however, sustain a belief that, practically independent 
of the glacjatton of the Cascades, and inferentially also of the 
Olympics, the axial part of the basin has been oci;upied by a 
confluent ice-sheet gathered mainly from the northeast. 

Tracks have been indicated, particularly by Dr. G. M. 
Dawson, of a vast development of this description whose 
neve gathered in the lofty mountain region between the 65th 
and 59th parallels, and which covered summits of the interior 
of British Columbia upwards of 7.000 feet in hight. Above 
the main river valleys and other principal depressions there 
is abundant evidence to prove that it stood over 6,000 feet 
with n thickness of 2,000 to 3,000 feet a'xive the higher tracts 
of that province. To this commanding development of ice 
has been given the name of Cordilleran glacier. Projections 
have been traced southeastward as far as the -iSth parallel, 
and southwestward as far as the southern extremity of Van- 
couver island, where separate the great orographic valleys 
occupied by the straits of Georgia and Fuca.* 

It has also been shown by Dr. Dawson that the deep sculp- 
turing of the Pacific slope of the Coast range of British Col- 
umbia has been mainly effected through the agency of local 
glaciers which occupied the elevated beds of Pliocene rivers 
at an epoch when that range stood at a much higher altitude 
than at present. The range, 'aa likewise concluded, presented 
a barrier to further advance of the Cordilleran glacier toward 
the sea, except at certain gaps throu<;h which the ice mass 

*Daw80n on. cU. p. 28; Geol. Mag, (1888) V, 347: VI, 360; Ambr. 
Gbol. 1890, 153: Wfllis, BuiJ., U. S. G. 8., No. 40, 1B8T. 
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projected into, and filled at one time the orographic valley 
identified with the strait of Georgia and Queen Charlotte 
sound. This, aR argued, was during the epoch of maximum 
glaeiation a? distinguished fiom an epoch of local glaciation. 
North of the 61st parallel local glac'iei's still survive. Still i ; 

further to the north many descend to near sea level. Glacial ; ;j / 

markings at an altitude of 3,000 feet, as ob^rved in the strait , '' ! 

of Georgia, afford a minimum me«8ureof thickness (if theglu- di- 

cier mass toward its northern development.* j 

Evidence of an extension of the Cordilleran glneier through ^ ' 

the orographic valley of the strait of Fuca seems not to bHve 'l ; 

been collected at considerable elevations by the Canadian ' 

geologists for lack of exploration. S'ich evidence however, 
is clear at several points on the west shore of Vancouver 
island which I have visited. At the hea'i of the Horded inlet 

of Barclay sound drift is found at an elevation of at least i 

1,150 feet on the slope of Broughton peak, together with ice- 
smoothed surfaces, and again at moderate elevation at Sooke 
harbor. 

Nor has eearch been made for evidenee. of a southern pro- ,'■ 

jection of the Cordilleran glni*ier into the orographic valle3' I ,' 

of Puget sound. The general absence of elevated surfaces of ■ j 

rock throughout that depressed area, precludes glacial mark- ' yi 

ings except upon baseleveled surfaces which are uniformly ,! j 

concealed beneath drift. At Whatcom (Sehome) on Belling- I i; 

ham liay, within the only section on the path of such a pro- " j[ 

jection where occasional rocky surfaces are naturally exposed, I 

north aud south grooving up to 90 feet in length, was re- I 

ported by R. Brown, in tlie year ISTO.f 

The old Talbot colliery was opened (1878) just below a ( ] 

mantle of cemented drift on an eroded slanting edge of No. 3 i . j 

coal Ream, which immediately passed under cover of sand- i 

stone. When stripped, aglncial surface of the sandstone wae | | 

disclosed with scratches, as described by Mr. Whitworth, I i 

coursing northwest by north (mag.). In the present place , [ 

reference may again be made to the exceptional tabular sur- 
faces of the Tejon series under thin covering of sand, a few 
feet above tide, at Alki and Restoration points, and point ' i 

• Geol. Sor. Can. 188C, B. 99. . I 

t Amer. Jour. Sc, 1870, 323. { ; 
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Glover. Though these surfnees, as above deecribed, are raised 
Pleist-iicene beachee which have been swept by tides, they pre- 
sent the only promising field yet rei-ngnized for a search for 
glacial gri>oving in depressed parts of the Puget i^nund valley, 
and perhaps the only likelihood that sume evidences of the 
kind may still be preserved at points beyond all question of 
erosive or frictional effects from local glaciers. 

It was assumed by the late Prof. Newberry (1884) thst 
glaciation of the strait of Fuca was by way of egress of a 
great glacier advancing toward the sea from Puget sound and 
Hlling that basin.* An obvious objection to such a theiiry 
arises from the lack of evidence of the development of an Al- 
pine tract at the head, or to the south, of the latter orograpliii.- 
depression during the glacial period, even before base-leveling 
or at any previous epoch of denudation. Otmtrary evidence of 
a positive character may be drawn from the fact of gentle 
dips of the superficial carbonaceouB sandstone series eonlh of 
the Chehnlis divide. Only after recession of an ice mass from 
the strait of Fuca, the excavation of which was largely gin- 
oial, as shown by the Horded coast of Vancouver island, could 
the hydrographic drainage of Piiget sound axis have been 
etfected through the present strait except as a sub-glacial tor- 
rent like that which flows from the Muir glacier at the head 
of Glacier bay. Long after the retreat of a sound glacier, an 
ice dam may have b(>en maintained in the strait of Fuea, in 
conneeti<m with British Columbia eurvivals of the Cordillev- 
an glacier. 

If, on the other hand, a confluence of local glaciers with a 
projection of thestraitof-Georgia.orCordilleran, glacier took 
poasession of the orographic valley now occupied by the 
sound, or even of a similar valley corresponding to the strait 
of Fuea before that present outlet was deepened by erosion ; 
or, again, at a later stage previous to recession of a domi- 
nant ice-mass, it seems natural to suppose that the united 
waters from alt sources, of which the sound area was the 
catchment, must have found egress toward the south, necessa- 
rily at a relative higher stage of elevation of that immediate 
area, previous to base-leveling of its fundamental structure. 
To such a stage of superior elevation certain circumstances 

•Proc. N. YTAcad. ScTTiii. 1881, p. 26o. 
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point, some of vliieh, iiK-idental to a nuDiber of oBcilUtione of 
level, will presently be indicated. 

Intn the interesting field of inquiry suggested by the pre- 
ceding remarks, it will be impracticable to enter far for want 
of close observation of the drift phenomena in the Chehalis 
watershed, and still farther to the south. The present low 
elevation of this watershed is indicated by altitudes of citiiui- 
nating points as follows : 'lenino 302.5 feet, Roy, 338, Eliua, 
92. The parting of the sound and Chehalis (Grey's harbor) 
waters may be delineated on the map by a single stroke of the 
pencil. Whether the latter river and harbor may not liave af- 
forded such an outlet — follows as a natural inquiry from the 
suggestive topography of the watershed as grnphically exhib- 
ited by certain unpublished surveys of the Northern Pacifii; 
Railway Co., as well ns from well recognized drift phenomena 
not inconsistent with the development of a terminal moraine 
coincident with the siimmit of the same walershed 

The liame-like gravel mounds near Tenino rise from a field 
of horizontal silts. Other lacustral, prairie-like surfaces in 
the same region are still characterized by retreated lakes. 

A lignite- hearing sandstone formation in low and gentle 
undulations comes to the surfnce in the Chehalis valley, con- 
stituting the solid border of the sound, as previously desig- 
nated. An interesting feature of thiH formation is its wide- 
spread niternlion for a depth of several feet, beneath a thin 
cover of soil, into a non-silicated aluminous magnetite.* 

To whatever degree the post-Cretaceous movement was cle- 
vatory in the border region of the sound, it doubtless ended 
in resultant relative depression of the sound axis. I'hrough- 
nut the entire succession of alternations of level from that 
movement all perturbations of the surface down to the final 
partial re-elevation appear to have taken place unequally, the 

•Tbia occurBin the form of solid exfoliations of prismatic or cleavage 
blocks of the Baadstone with the hard acd dense ferriferous product up 
to several inches in thickiii^BB. The interior of such weathered blocks 
is hollow and partially occupied with bleached silioeouB reeiduea in the 
foriD of sand. In more advanced stages of alteration and decay the fer- 
riferous product takes the form of miignetic sands. Washed into the 
streamH, these tioally collect on the shores of Grey'a harbor and adja- 
cent ocean beaches where they have long been known as considerable 
accumulations, concentrated by the tide«. The aoalysU of solid crusts 
from pits near Elma, is ae follows: Iron, 47.70; silica, (free) 6.39; alu- 
miiiH, 23.84; moisture, 1.22 (C. E. Bogardus). 
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resultBtit of later oscillationB having been to maintain the Pa- 
get catchomnt at a lower level than the e^trait o( Fuca. This 
is still indicated by sotindingB. It is true that material ero- 
ded from the upper portion of the drift masH in the Puget ba- 
sin by river action, and from the ehores of the sound by action 
of the waves, has naturally found itnway to the outer channel, 
tliere however partially to lodge under the retarding and pre- 
cipitating action of the etrongestof ocean tides, not without 
marked effect on present soundings. Unequal depression in 
the way indicated may be regarded as sufficient in itself to 
iitford explanation of tlie original confinement of sub-glacial 
drift within the Puget catchment independent of other causes 
(IS above suggested. Strong tiden having taken possession of 
the sound, so again at the preiient day suspended material 
sluiced in by glacial and other powerful torrents is locally 
precipitated near their discharge. Even in selisonsof violent 
and abrasive floods like those witnessed' by the writer in the 
month of June, 1S91, clear water remains a characteristic of 
the sound except otf mouths of rivers. Circumstances of both 
kinds here referred to combine to promote silting up of the 
sound, and the formation of tide flats and deltas. 

Whether the original configuration of the basal structure of 
'the sound basin was primarily or in a secondary way essenti- 
ally due to orogenic depression, or, on the other hand, to pri- 
mary glacial excoriation and deformation, there can be no 
question but the deep tideways of that basin are substantially 
due to post-glacial fluvial dissection of the drift tilling by ex- 
isting rivers, as first pointed out by Dr. Newberry.* 

Without differentiation from the fiorded type of rocfc-bound 
coast between the ^Qth and 60th parallels north westwiird to 
Bering strait, the inlet of Puget sound regarded as a whole hks 
recently been erroneously instanced by Shaler "as one of the 
greatest and most characteristic fields of flord topography on 
the coast of North America." Except perhaps in point of 
resultant partial submergence, the physiography of that 
basin and border, as shown in the present paper, presents 
the widest ditferenee from that of a fiorded or ice-carved 
coftst.f 

*Ad. N. y. Acad. 8ci.. Ill, 1681, 265; Dawson, op. cit, (1890) 51. 

tThirteenth Ann. Rep. U. 8. Gaol. Survey, 1893, II, 203. 
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The longer axis of the sound, which in also the axis of the 
f^reat drift Mrrane. conforius to the natural confluence of 
powerful streams which have wrought thfir beds to tide leve). 
Such streams are the Skagit, Skykomifh, Stihigiianiii3h, Sno- 
hoiuish, Diiwuniish (uniting the wulersi of lakes Suniamish 
and Washington with those of Cedar and White rivers), the 
Pujallup, Nisqually and Skokoniish. As compared with the 
gentle gradients of the lower parte of these streams, much 
higher ufadients at the close of the glaoiiil period may safely 
be assumed. These of course were in some measure of the 
elevation of the drift terrane. Regional elevation or post- 
glacial re-elevation, of which local evidence has been adduced, 
has likewise tended to augmented gradients. All grndiente 
have eventually become distributed with the advance of flu- 
vial erosion. Below points of confluence of lateral rivers 
still deeper excoriatioa has been effected by flow of the united 
waters t-oward the strait of Fuca. Thus were profoundly 
sculptured great confluent river channel*^, first, in measure of 
the elevation of the drift, and afterwards in increased meas- 
ure of regional elevation. Again, subt'idence far below the 
sea level succeeded by only partial re-elevation has finally 
served to keep open to the sea all but the more easterly or 
border channels, and to produce the present system of united 
inlets together known as Puget sound. Wherever consider- 
able streams unite with the sound, bays huve been wuRhiiig 
out ever since the principal post-Glacial subsidence, and estu- 
aries, primary and secondary deltas, and tide-flats forming 
under the precipitating action of u heHVy tide. 

The more easterly extinct channels referred ti) are lake 
Samamish and the river of the same name (also known us 
the Slough), connecting with lake Washington. These wh- 
lers constitute a single hydrographic system, the lower de- 
velopments of which have obviously been cut off fr<im the 
sound by regional elevation subsequent to fluvial erosion of 
these connected channels. 

At a certain stage of level in the course of the later series 
of oscillations, the lower channel corresponding to lake Wash- 
ington, doubtless opened into lake Union, and thence into the 
present estuary of Salmon bay. The ancient waterways are 
plainly indicated in the present topography. A minimum 
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elevation of 25 feet, ne measured Ht the porttige between the 
two Ittkea, has served to divert the whole discharge of the 
system along with the Cedar into the Duwamish. Evidence 
has been brought forward to show a general participation in 
such a recent elevation of all parts of the sound area which 
I have had an opportunity to study. The road bed of the 
northern division of the Seattle, Lake Shore and Eastern Rail- 
road, occupies a succession of drained lake basins, all of 
which were excavated from the drift mass. 

In order to take advantage of the eiight ditterences of level 
hetween the upper and the lower parts of the^e freph-water 
baflin? and tide water, a ship canal has been projected by the 
government to connect them with Puget sound, — namely, 
2,600 feet long, and 26 feet deep, through the portage between 
lake^ Union and Washington, with a lock lift of 7^ feet.* 

The elevation of the several lakes above extreme low water 
in Puget pound is reported as follows: lake Union, 25.5 feet, 
(depth 60 feet) ; lake Washington, 33 feet, {depth 600 feet) ; 
lake Samamish 41.2 feet. The usual level of lake Union is 
7.8 feet higher than extreme high tide in its outlet (Salmon 
bay). 

It is unnecessary to instance the great number of examples, 
both on the Pacific and Atlantic coasts, of harbor formation 
at the mouths of rivers by subsidence of shore land — often 
, to great depths, incidental to oscillations of level during the 
Glacial and post-Glacial epochs. The most important havens 
on the Atlantic coast from New York to the Rio Grande owe 
their existence primarily to fluvial erosion, and in the higher 
latitudes in a secondary way to submergence, often followed 
by partial re-elevation. | 

According to Davidson, as cited by Dana, the sub-marine 
river channels of California indicate submergence to depths 

•Report of Bd. of EngiaeerB, etc.. Ei. Doc. No. 40, 52d Cong, lot 
Ses. 

Alternative routes coincident in alignment from lake Washington to 
Salmon bay have been surveyed — one connectinR with the sound from 
the bead of that bay, and thence through the estuary of Smith's cover: 
the other through the mouth of the bay. The two estuaries named are 
separated by a narrow divide, 25 feet above tide, a hight corresponding, 
it will )>e noticed, to the uniform measure of regional elevation as above 
indicated on both sides of the sound. |Ex. Doc, p. 6.) 

tShaler, Thirteenth An. Rep., U. S. G. S.. pp. 109, IIL. 
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of 2,400 and 3,100 feet.* Th«i sub-marine month of the Socua- 
raento river, according to Mr. Laweon, descends to ft depth of 
378 feet, — thus forming the harbor of San Francisco, j 

While those features of the Pnget sound basin which, with 
subsequent nindilications, have adapted it to the present hy- 
drographic system were sculptured by agencies potentially in. 
cidental to 8 post-Glacinl elevation, the varied topography of 
the border region has been produced in a subsidiary wny inci- 
dental to still more recent changes of level. Of these the first 
was a post-fluvial subsidence below sen level, whence develop- 
raent of marine inlets from river channelB. The partial and 
final re-elevation which followed is iiidicated by raised beach- 
es and partially base-leveled headlands. Again, while exist- 
ing and pre-existing lakes within the drift or catchment area, 
owe their existence in common with the sound itself primarily 
to specific fluvial erosion, their present condition and re- 
lations are incidental to the same more recent changes of 
level. Thus lake basins have been partially or wholly emptied 
and tideways branching from the sound either drained or out 
otf, and so converted into fresh-water reservoirs or drainage 
channels. 

Throughout the broad expanse of drift filling the Puget 
sound basin, the present work of erosion and deformation, es- 
pecially along the shores of the sound, is mainly by under- 
<'utting, thus giving rise to vertical blutTs. Both sound and 
river bluffs, however, as well as high shores (tf lakes, existing 
and extinirt, have been greatly modified by landslides. The 
extensive development of vluy seams through<iut the alluvial 
(rolumn, and their interception by water-bearing divisions, 
below as well as above tide, coAjbine to produce far greater 
diversity of the surface than can be traced to ordinary effects 
of sub-aerial erosion. Much of the superficial topography 
and terrace-like configuration indiented upon the Seattle sheet 
is due to landslides. Well-known engineering difilculties from 
the same cause, in this region, as well as recent landslides of 
i»ound bluffs on the line of the Great Northern railway, near 
[loint Edmonds, might be instanced for purposes of illustra- 
tion, as also the submerged forest of lake Samamisb. Mem- 

*Daiia, MaouBl, 1895, 949. 
t LawBon op. cit., p. 271. 
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nrable occiirreni-es of the same nnture, within recent yeare. 
were tlie great InndsliclcR of Gound blufffi Ht DiiwamiEb head, 
West Seattle, (Sept. 1894). by wliich several acres were IciPt 
to tbat village; and still more recently the diHastrous slide 
which took plaoe below tide, in the night of Dee. «, 1894, on 
the wattT front of the city of Tucoiiin. 

The average breadth of the drift mass of the Puget sound 
basin an above described, may be taken at about Hfty milec. 
Tongues of drift project eastwurd into glacial valleys beyond 
the general li rait. South Prairie is not far from the centre of 
a marked projection of this kind. Kroded channels are tilled 
with drift at Wilkeson (1600 feet), where it stands 3(H) feet 
above the basal formation. Its occurrence at an elevation oC 
2,000 feet near Natchez pass has been noted by Willis, 

It is, of coiiree, impracticable to determine the derivation 
of material going to make up the drift mass to the point of 
discrin)i nation t>etween sub-gtucial aceumnlationa from n 
great glacier occupying tho axial part of the sound basin. 
and re-distribution of iiiorninal material from local lateral 
glaciers referable to another epoch of the Glai-iiil period. 

As I am informed by Kev. Myron Ells, the well-known 
ethnologist, of Union City, Mason Co., Wash., tusks with eoii- 
nectingjaws and a tuoth, probably of an AVe^7ta», were ob- 
tained by him several years ago at a depth of some 60 feet, in 
h bliitf, OOfeetin bight, at port William near point Dnngeiie?.*. 
from a gravel bed interposed between heavy strata of ciaj. 
Other specimens were recovered from the same bluff at a depth 
of 89 feet. These are still in the collector's possession. B<mei! 
previously discovered were placed in the Smithsonian Institu- 
tion.* ^y the same authority it is stated that nearly o com- 
plete skeleton from the drift of Whidbey island was sent lo 
Washington. t Point-no-point is also mentioned as another lo- 
cality where have been found bones of the same orderof main- 

The rocky islands of the San Juan archipelago to the nortli 
of Puget sound, together with neighboring islands in the 
strait of Georgia, on both sides of that group, and al so nunier- 
e for the locality, Stsaiim, acconliog to Mr. 

i'A feot by 6 inciiea, were found by Mr. G, O, Lovejoy (July 
I the north side of Penn's cove. 
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OU8 inlands on the east shore of Vuncouver island, are, as al- 
ready not«d, easily rec-ognized as moderate outlying reliefs 
of the Vancouver range in a state of partial subinergence. So, 
too, the bordering islands of British Columbia, like the head- 
lands of the main land, are related to the Coast range of that 
province UP lower suuimitf of the same range. In common 
with the subordinate topography of all the coast ranges of 
Washington and Itritifth Columbia, profound sculpturing of 
thfs insular and indented margin is ascribed primarily to flu- 
vial erosion, followed by glacial erosion. Partial submergence 
distinguishes it in particular from the prevailing physiograph- 
ic conditions of these ranges. The same fact also distin- 
guishes the coast north of the strait of Fuca from that to the 
south. The Olympics and the Coast range of Oregon, on the 
other hand, present gradual slopes to the ocean, their distin- 
guishing features being incidental to emergence. 

The Vancouver range which has been only partly explored, 
is principally made up of crystalline rocks of eruptive type, 
but believed by the Canadian geologists to represent highly al- 
tered sediments of Mesozoic age, the corrugation and pri- 
mary elevation of which are referred to a post-Triassic 
event, succeeded by deformation and reduction, if not by 
subsidence partial or complete.* The probability of par- 
ticipation in the post- Cretaceous elevation of all the coast 
ranges named, and also in the further Pliocene movements of 
the Pacific border has also been indicated by the same geolo- 
gists. Bosses ond isolated masses of metamorphic limestone 
occur on Orcas and San Juan islands. More extensive form- 
ations occur as belts on Vancouver, Kedonda and Texada 
islands, in close relat on to granitic extrusions — evidently 
continuous, in the case of the two smaller islands, with the 
great granite development of the Coast range, as the lowest 
ftummits of which these islands have been referred to above. 
Local replacements of the limestone with magnetite on a large 
ncale are remarkable occurrences, including certain well- 
known developments on Texada island, hitherto classitied by 
geologists with mineral veins. | In the spring of 1894, hav- 

• Dawson op. cil. 1890, p. G: An. Rop. Geo]. Surv., Can. 1886— B, p. 
13. 
t An. Rep. Geol, Survey for 1896- B. X. 
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ing had occasion to study interesting developments of the 
kind as well as others on Vancouver and Redonda islands, I 
hope Ui take occasion to describe them as further striking 
illustrations of this mode of genesis of magnetite.* Associa- 
ted with the same secondary developments also occur concen- 
trations of magnetite in workable quantities within compass 
of basic erupfives, due to weathering action, the locus of 
such products being determined, among other favorable cir- 
cumstances, essentially by contact with limestone. 



[PnleoDtological Notes froin Bucht«l CoUese. Nu. 14.) 

A NEW DINECHTHYS-DINICHTHYS KEPLERl- 

By E. W. Clatpolb, Alfntn. O. 

The new species of Diniehthys figured in the accompanying 
plate was found by Dr. W. Kepler, now of Clyde. O., and is in 
his possession. It is one of the largest and most massive 
forms yet known, equalling in size D. hertzeri of the Huron 
or D. terrelli of the Cleveland shale. Unfortunately the spec- 
imen is broken through near the' middle and only the posterior 
portion is available for description. Well aware of the inter- 
esting nature of the fossil and knowing the special value of 
the anterior portion Dr. Kepler with praiseworthy diligence 
employed two men for three days in digging and searching 
near the spot in the hope of recovering the lost piece but in 
vain. The fracture is along the line of a natural joint and 
very probably the two sides had parted company when they 
were loosened from the cliff by the undermining action of the 
stream. This is the usual agent of exposure and of course 
one piece of a slab may be brought down by a flood while its 
remaining portion may remain in the cliff for years, and the 
chance of their ever coming together again in the cabinet of a 
geologist is infinites! raally small. Quite sufficient however of 
the fossil remains to establish its distinctness. 

It was found in the Cleveland shale of the Bocky river val- 
ley and is remarkable for its striking resemblance to the origi- 
nal specimen of the genus IHnichthys hertzeri, discovered so 
many years ago in the Huron shale at Delaware, 0., by Dr. 
[, 1791, p. 231 ; AuKR. Geol. 
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H. Hertzer of Columbus. The characters which have thus 
far distinguished this latter species from all others are Its 
large size and its serrate mandible. D. terrelli of the upper 
or Cleveland shale — which was suppnesed by Dr. Newberry to 
belong to the same species until its dentition or rather its lack 
of dentition was proved by Prof. A. A. Wright from a mandi- 
ble which lie discovered on the lake shore at Sheffield, in Hu- 
ron county (Pal. of Ohio, vol. 1, p. 322) — is distinguished by 
a sharp cutting edge on the mandible without teeth or den- 
ticles. 

Every other species yet known in the Cleveland shale la bar- 
red from comparison by its small size, except possibly Dfnich- 
thyn clarki of which only a sing^e premaxillary tooth has yet 
been found and this is so different in form from the type that 
only provisionally can it be included in the genus. Leaving 
this probability aside Dr. Kepler's specimen stands alone and 
is of especial interest ae proving the survival of the older type 
to the higher horizon through the barren interval of the Erie 
shale. 

The teeth on the upper edge of the mandible are therefore 
one of the chief points in the espential character of the species. 
But another may be found in the sudden downward curve of 
the lower edge of the mandible -taelf just in front of the place 
where in all species of the genus the bone is suddenly rein- 
forced by an external layer which begins between thedentary 
and epatular portions on the upper edge and sweeping down 
carries the lower edge with it and so strengthens the forepart 
of the jaw. In other species this line curves and runs for- 
ward rising again into the great mandibular tooth in front. 
But here it curves in the opposite direction indicating an ex- 
traordinary depth of the mandible toward the front and prob- 
ably great power in the teeth. 

Only three of the teeth remain, but they are of very large 
size, all measuring half an inch in hight and the foremost of 
the three reaching nine-sixteenths of an inch. 

The mandible is unusually massive. At the fracture and in 
front of the teeth it is half an inch thick and rapidly increas- 
es until for some distance near the middle it measures seven- 
teen-sixleenths which dimension is maintained almost to its 
lower edge. A crack which exists acroeii the specimen near 
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its middle shows that the mandible at that point is about 
seven -six teen the of an inch in thickness. 

Other important features will probably be revealed when 
later finds ehall have shown us the complete mandible. Fol- 
lowing however the plan previously adopted of relying main- 
ly on this member for the distinction of the species no error 
can be made in the recognition of this as a new one wliich I 
have pleasure in naming after its discoverer. 



ON THE GENESIS OF CL.AY STONES. 

Bj R: W. Nichols,, ChioKgo. 

The uppenrancc and mode of occurrence of clay stones are 
too well icnown to geologists to require attention here. It is 
all but universally agreed that they are formed by the segre- 
gation through solution in and re-deposition from circulating 
ground waters of particles of calcium carbonate originally 
thinly disseminated throughout the clay matrix in which they 
occur. The clay stones are simply portions of the clay firmly 
cemented by crystals of the segregated calcium carbonate. 
Owing to the compact texture of the clay, the crystallizing 
forces are so hampered that large crystals (such as occur at 
Fontainbleu in porous sandstone) cannot form and the con- 
cretion shapes itself solely in accord with the amount of ma- 
terial brought to it from different directions. 

The clays in which these concretions occur are sedimentary 
deposits which have formed in quiet waters. While some of 
the contained lime may be, and frequently is, comminuted 
lime rock or vein calcite washed in with the clays, other parts 
are in the form of the small mulluscan and |irotozoon shells 
which often flourish under such conditions to such an extent 
as to change what would otherwise be a clay to a marl. Such 
life existed even in the icy waters in which the glacial clays 
of the Champlain epoch were deposited. 

The glacial clays, besides the powdered lime rock and ca|. 
cite and the shells which have grown in the muddy waters of 
the growing clay depi)sit, may contain as well the crushed 
or powdered fragments of such land and wat-er shells as the 
glacier met with. In addition the glacial clay may contain in 
the form of rock flour many lime-bearing minerals, the basic 
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*Rogets, Am. J. Scj., Series II, vol. b, pp. 401-5. 

tJulJen; Od the Geological .Action of thti Humue Acids, Proc. Am 
Abboc. xxviii, 1879. p. 311. 

{Dana: Manual of Qeology, 4th ed., p. 13!). 
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feldopare for instance, and in this fine state of division it in 
well known that Kiich mincrnls decompose rapidly if other 
conditions are favorable.* 

To recapitulate, n recently formed clay bed may have as a 
sourceof limeforconcrctions: l.comrainiitedlinieand ealcite; ■ j ■ 

2, shells ill »ilit, and iit the case of glacial clays; 3, comininn- ] !;' 

ted land and water shells, and 4, mineral flour c<intaining lime ' !i 

ready to be liberated as carbonate under favorable conditions, 'I . 

This carbonate of liiue is distributed through beds of clay. ;l 

Such clay beds are never homogeneous. There are incipient . j' 

partings parallel to the bedding and thin layers of cnoraer I 

material as well as contraction Joints and faults, all of which 
afford a comparatively easy pufsage to water, while the body 
of the clay in almost impervious, allowing only an extremely 

slow tieepage. In addition there may exist planes of tension , 

where the cohesion of the clay ii^ weakened, and along these ' 

the waters may circulate with comparative freedom. ' 

During the progress of segregation of the concretions, the 
beds are saturated with ground waters. These groundwat- 
ers charged with carbonic acid and iwrhnpswith other solvent ' 
agents, take up and carry in solution portions of the carbon- ! - 
ate of lime they meet, and it is through the action of these ' j 
waters that the concretions are formed. ■ \t 

This much is generally understood, butexcept foran impor- i J 

tant paper by Julien upon the humus acids, | to be referred to 1. < 

later, but little has been written upon the luvdim opertintli of - ' 

the formation of concretions, and what has been published 1 

refers to the chemical changes by which the material of the i f 

cnneretion is formed rather than to the formation of the ob- 
ject itself. 

Dana has suggested in the last edition of his Aiunual^ that 
clay stones are formed by deposition of the lime contained in 
waters by their evaporation during a drying season. It in ev- 
ident that the waters circulating in a bed of elay may under- 
go constant changes in volume, rapidity of movement, degree 
of concentration and jK'rhaps even in temperature nnd 
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h ill weight. At first thought it may 
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theories of saturated solutions should 
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Possibly the presence of finely divided lime-bearing niinemls, 
the basic feldspars for example, in the rock flour of glacial 
clays may also provide some of the lime. 

Shells, such as are found in the clays, contain their CHlcium 
carbonate in two forms, as arragonite and calcite,* 

Ah arragonlte is more Holuble than calcite,! it follows from 
the properties of saturated solutions that the arragonite musl 
disappear and its material be deposited as calcite upon any 
already existing calcite particl'ts. 

The principles upon which this change depends are well and 
clearly expressed by Ostwtild* as follows: 

"The equilibrium between the solution and the solid has its 
origin in their mutual action, and is thereforedepeudenlupon 
the nature of both. A deftuito solution pressure may be as- 
cribed to every solid with respect to any given liquid ut a 
given temperature. Solution will go on until the oppocing 
pressure becomes equal to the solution presBure. Conwequently 
tha solubility of a chemical compound in determined only 
when it is stated what definite solid is referred to." 

§" The phenomena of supersaturated solutions are now com- 
prehensible. If a saltsolution is allowed to coo] or evaporate 
there is, in general, no reason for the deposition nf a solid. 
If, however, the osmotic pressure in the solution exceeds the 
pressure of one of the salts, which may separate, and a parti- 
cle of this salt is brought into contact with the solution, a 
rapid separation of the salt results and continues until a state 
of equilibrium is reached. Such solutions are called super- 
saturated, but it is clear that the supersaturation is only 
with respect to a certain definite solid i without this reference, 
the expression is meaningless." 

"From a cold solution of sodium sulphate, there ^an sepa- 
rate Na^SO^ + 7 up as well as Na^SO^ + 10 H.p. As the for- 
mer is more soluble than the latter, solutions can be prepared 
which will crystallize in contact with Na.^ SO^ + 10 H^O, i. e., 
are supersaturated with respect to this salt, while on the other 

•Sorby; Quar. Jour. Geol. Soc.. 1879, p. 61: quoted by Geikie: Text 
Book, p. 78. 

tGeikie: Text Book of Geology, p. 78. 

{Outlines of Theoretical Chemistry, p. 148. 

SIbid, p. 151. 
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hand, they can etill dissolve am all quantities of Ha^S0^-f7 H^O, 
i. e., not yet saturated with respect to this substance." 

The two forme of calcium carbonate, calciteand arragonite, 
of the clay beds surrounded by the gently moving or quiet 
ground water$>, correspond exactly to the two forme of sodium 
sulphate in the prepared solution. The more soluble arragonite 
continuously goes into the solution, thereby over-saturating 
the solution with respect to calcite, upon the particles of which 
the calcium carbonate of the solution is deposited. Thus the 
calcite grows as the arragonite diniinishcB. If a cluy bed 
were absolutely homogeneous all calcite particles would grow 
in proportion to their surfaces, but in the beds as we find 
them, some particles are much more favorably situated than 
others. 

Those particles of calcite which lie in those more permeable 
parts of the bed which form the wat«r ways of the deposit, re- 
ceive materials in large quantities from the more rapidly 
moving wat-ere and grow rapidly, while by far the larger part 
nf the calcite, imbedded in the compact, almost impervious 
clay, can be reached only by small quantities of the very slow- 
ly percolating waters, and can grow but slowly. These wa- 
ters, however, gradually remove the arragonite from these 
compact parts of the clay and ua the natural course of these 
waters is towards and into the more permeable places which 
form the main water ways, the dissolved material is taken 
there and deposited upon the growing concretions. 

The calcite appears to have no power to remove the clay 
from its place and so crystallizes around the clay particles, 
thus producing the appearance of a "patch work or fine mo- 
saic" which Gratacap found upon microscopic examination.* 

In this case the concretion forms as a consequence of a 
transformation of arragonite to calcite, a physical change of 
state in the segregating substance. If the humus acids have 
as much effect as Julien thinks possible, concretions may also 
be formed through a change in the solvent. According to the 
article of Julien referred to, some modifications of that com- 
plex group of the products of organic decay known as the hu- 
mus acids have a strong solvent action upon calcium carbon- 
ate while other modifications renderitnearly insoluble. When 

*Am. Nat., vol. xviii, p. 890. 



dbyGoot^Ie 



The Genesis of Vlny Stones. — Nichola-. 329 

a clay bed is so situated thut the percolating waters contain 
any considerable amount of humus acids, the solution rtt llic 
lime will proceed with comparative rapidity. Hiimue-likp 
substances may also be formed in thi* deposit itself by the 
slow decomposition of the organic matter in and around the 
shells themselves. These may provide a strong solvent for car- 
bonate of lime localized where their elfecl is greatest. 

Humus acids are very unstable and are constantly undergo- 
ing changes in comp<)pition. Through such changes, the 
humus acid losing part of its solvent power, becomes super- 
saturated with calcium carbonate and ready to deposit it upon 
any calcite it may come in contact with. How powerful an 
element this may be in the formation of clay stones depends 
upon the amount of huraus that the ground waters may carry, 
and upon how far into the deposit these substances may pen- 
etrate without decomposition. That their action has been at 
times great, the iron carbonate concretions of the cou-1 meas- 
ures formed through their agency give evidence. This action 
of the humus acids is physically similar to the deposition of 
vein minenile from ascending solutions which as they cool 
and reach regions of diminished pressure are able to hold less 
in solution. It is not probable that any progressive change of 
temperature of the solvent waters takes place in a space so 
limited as'that of a single clay deposit, while the change in 
pressure is insignificant. 

These principles briefly applied here t^) the commonest and 
simplest of concretions, the clay stones, appear to be applica- 
ble to all concretions. Although concretions contain some- 
what less energy than the disseminated particles from which 
they are formed, the ditference is altogether too slight to have 
any appreciable influence on their formation and it appears 
that, in practice, some energy must be applied to cause their 
growth. This energy comes from a change' of state, either 
physical or chemical, by which either the segregating sub- 
stance or its solvent is transformed from an unstable condition 
to one more stable under the conditions to which it is subject. 

Field Columbian Museum. 
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NCLATURE OF THE GALENA AND 
MAQUOKETA SERIES. 

By F. W. Sabdbbon, HiDncapolia, MioD. 

my unci claBsifieation of the Gitlena and Maquo- 
l their divisions has alretidy been discuEsed in 
Geolooist,* and I have at this time in view a 
entary discussion of certain difficulties in no- 
hich have recently developed, and which would 
that the nomenclature is not yet free from un- 
usion. For the present, at least, it may be us- 
iformity in classiflcation has been nearly estab- 
lall therefore limit this discussion to the subject 
re. N. H. Wincheil and E. O. Ulrich have, in 
vestigation of the two seriesf quite independ- 
at nearly the same classiltcation as that which 
ly former paper, and the conclusions of these 
gists, which will no doubt be widely accepted 
ve, will, in the main, strengthen my own. But 
nomenclature, there not only has been, but 
bably continue to be, a burden o£ discordant 
f these geologic formations unless we can obvi- 
9 from which the discord arises. It is with » 
buting something towards the establisiiment of 
itt this paper is otfered. 

ty arises chiefly from conflicting correlations of 
ipresentativee of this area with those of distant 
Y the names of elsewhere distinct formations 
plied to the same formation here. Again, a du- 
ocal terms is intruded; or unnecessary trans- 
terra to another obtains. 

d Ulrich (op.cit.) have adopted by correlation 
itou inst-ead of the local term, Galena formation, 
ited the name Trenton for the next older forma- 
E formation ; a change that is not entirely ob- 
nsidering the transference alone of the name of 
one formation to another, but the future will be 
, the past if some one does not Itnd reason to 
■ once more, and add to the confusion of seven 
306, and vol. \ix. p. 21. 
eol. Sur. Minnesota, vol. in, pt. 2, lotroduction, (1897j, 



dbyGoo'^lc 



m 

u ■ 
V 

The Gnleiirt and Mayuoketa Series. — Sardeson. 381 ■ '''tal!' 

kinds of Trenton that already have been entered on the lint 
of synonymouH terms for formations in the Wisconsin, Illi- 
nois, Iowa and Minnesota area of Ordovieinn, C. I). Wulcott 
has correlated in like manner the Galena formation with the 
Utica slate horizon, and not improbably fi()me will still prefer ;. i 1 . 

the name Utica innteud of Trenton for the Galena formation. . !'{ '! ■ 

N. H. Winchell has presented in detail his argument in favor I ij 

of the name Trenton, and the reader is respectfully referred j J"] . 

to Winchell's discussion for facts bearing upon the question.* , j jj. ; 

I have some reasons for believing that Winchell and Walcott ^[ i ■ 

in their arguments upon this question agree more nearly than < 1 

at first would appearand that both may be at the same time j i 

near the truth. Waleott must have included in his Galena t ' 

limestone that which has been heretofore called Galena in II- \ 

linois, Wisconsin, and around Dubuque, Iowa, and as I have j 

pointed out in my former paper, the Galena formation thus ] 

defined includes not only the Galena but also, at the top, the _' 

Tripieeia bed which contains chiefly Maquoketa (Hudson) 
fossils. Walcott probably found his evidence of Utica fauna 

in fossils that are really from this bod only. Winchell, «t the I ' 

time his discussion was written, did. on the c()ntrary, that : i, " 

which all other geologists had done in Minnesota at that time, ■ T* 

viz, considered the Triplecia bed as ni)t Galena. Winchell ' jil' 

and Ulrich (loc. cit., p. cxv) still tabulate tlie Tripleriii ul- ■ j J, 

ricki W. and S.,and the associated fossils that are peculiar to Kjl 

this Triplecia bed or Transition formation, with the Maquo- ' I 

keta (Utica) formation's fauna. They are not clear, however, I 

in the definition of this bedf stratigraphically, though, 1 *' 

think they will concur In placing the Triplecia bed apart f rt»m .1 

the Galena (Trenton) formation, and in the Maquoketa (Uti- j , 

ca). It is not improbable that the argument presented by \ i 

Walcott and that by Winchell may be harmonized, and no I "j1 

conflicting nomenclature result from it, but evidently so long j I 

as the nomenclature of the Trenton (Galena) and Hudson || 

(Maquoketa) series depends upon correlation with distant '■ : 

equivalents, difference of opinion in the minds of geologists '-. \ 

will cause repented shifting of names and confusion ill this I f ' 

area. Moreover, difference of opinion cannot be excluded. . 

•See Ahkeican Geologist, vol. xv, p. 33.39. (1895). ' { I 

tSeetoc. ci(., p. civ, I. 29. «(M5. ; ' J 
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I have thought it preferable to adopt a local claseification 
that can be kept free from Biich shifting opinion, while at the 
same time admitting the approximate correhitioii of each part 
witii certain prior established geologic formations of other 
ureas. Since this provisional classification, if you will, was 
given to publication, the latest work by Winchell and Ulricb 
has been published, but very evidently it was in press at the 
same time as my own (luc. cit.) and therefore no attempt to 
compare the two classifications could have been made by them. 
The first half of their discussion had been published, in fact, 
in part I of the volume, and on page I, a table of formationii 
shonrs nearly their final revised syst«m of designations, the 
rt'iiBons for the position of which are, however, given only in 
))art II, which in just published. To include their classiflcation 
in my discussion of the Galena and Maquoketa series was not 
practicable until now, because the argument for its presenta- 
tion was yet unpublished. 



Hudson River 

ClNCINHATI. 


timet tonf. 


Wi/koff 
formation. 


Maquoketa 


Ufien shale. 


formation. 


{Not Defined.) 


Transition 

formation. 


Tbentob. 


Trenton. 


Galena. 


GAI.8NA 
SERIES. 


Black River, 


Beloit 
formation. 


Stones River. 



Messrs. Winchell and Ulrich have repUced, as far as possi- 
ble, all original names by others that are derived from corre- 
lation. Their paper is one of the moPt important on the eab- 
Ject that hus been written and although I cannot here discuss 
the merits of their correlation, it will be worth the while to 
compare their classifieation with the local classification which 
I have recently outlined, in order Ut show the true relation be- 
tween the original names and those derived by correlation. 
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The foregoing tftble will show the relation of the two RyxteinE 
uf nomenclature with respect to the correlated divi^iona, the 
subdivisions being omitted. 

The two columns on the left side of the dingram show the 
application of Winchcll and Ulrieh's correlation of the two 
series and their divisions, while the two columns on the right 
show the classification that I have adopted, as before described. 
The smaller divisions are placed in the middle columns of the 
diagram to facilitate comparison. The name Richmond lime- 
stone seems to have no claim to priority over any other term, 
and it should be rejected in this area at least. 

Oscar H. Hersbey has recently used the name Pecatonica 
limestone for that which Wiiichell and Ulrieh call Stones 
River; » new name the use of which acareely nccords with s<ri- 
entifte usage, since that author neither defines the t«rm Peca- 
tonica limestone nor seemed to have any reason for introduc- 
ing u new name. He was discussing an entirely distinct 
subject* and so far as I can learn, he had no more occasion to 
introduce a new name for a part of the Ordovician, than one 
who is writing on the Ordovician would have In suggest a new 
name for some part of the Pleistocene. Notice of the name 
"Pecatonica limestone" is given place here, however, lest the 
name be sometime resurrected to the confusion of nomencla- 
ture. 

Another source of confusion in nomenclature is a kind of 
systematic substitution of allied names, the classification re- 
maining the same. The following quotations will serve to 
illustrate the argument that is given in support of such 
changes, and the nature of the change itself, "Really, Dr. 
Sardeson's name'' (Camarella bed) "must be thrown out alto- 
gether for the simple reason that, according to the investiga- 
tions of Winchell and Schuchert, and those recently published 
by Hall and Clarke, one of his supposed Camarellas proves to 
belong to the new genus Pnraali-uphin H. and C, while the 
other is the type of another new genus and ia now called Cy 
cloxpira bisulcalii." Again the words, "The upper member of 
his Orthisina bed (Clitambonit«s bed of this book,)"f show 

^'Pre^lacia! Erosion Cycles in NorthweeterD Illinois, Ahericah Ge- 
oLOQigr. vol. iviii, p. 72. 

tSeo Final Rep. Geol. Sur. Minnesota, Introduction, p. xcix, bottom 
of paf^e. 
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(UUca) 
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U. OrthiB bed. 



13. Lepttena bed. 



12. Ortboccros bed. 



IJ. DiplograptuB bed. 



TrantUion 
formation. 



10. Triplecia bed. 



Galena 

(Trkkton) 

SBBIE8. 



Qaiena 

{Trenton) 
formation. 



. LioKulelasma bed. 



7. Camarella bed. 



6. Orthisioa bed. 



Beloit 
formation. 

{"Stonet River" 
r Birdseye, 

1-3.) 



5. Fucoid bed. 



4. Stictopora bed. 

3. Stictoporella bed. 
2. BelleropboD bed. 
1. Buff limeetone bed. 



Saint Peter Sandstone (Chazy), 150 feet. 
Shakopee (Upper Calciferoue). 50 feet. 
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aeiniilarchange. In short, th^liberty has been taken to change 
the names of geologic formations becun^e the fossil after which 
the names were given, have been placed in a new genus or 
in new genera. Thus Stictopora bed has become Rhininidictya 
bed. Orthisina bed has been changed to Clitambonitee bed, 
and it is proposed to reject the naine Camarella bed. It would 
be neeessary not to name geologic formations after geologic 
type fossils if the name of the formation must change as often 
as the fossil is reclassified. A name once given should not be 
changed, or at least must not be subject t« varying and contin- 
ued change as such license would necessitate. The chief source 
of confusion comes, however, from discordant correlation. 

Unless uniformity in classification can be maintained 
throughout li continuous area, in neighboring counties and in 
adjoining states, there will be little use in attempting exact 
correlation with distant areas, and thus also, unless uniform- 
ity in nomenclature can be locally established the introduc- 
tion of names from distant correlated formations can be of 
little use and possibiy may be very obstructive. I have there- 
fore proposed both to classify the Ordovician uniformly and 
exactly over the entire area in the manner that accords best 
with the nature of the formations, and, to preserve a system 
of nomenclature that will be free from confusion of terms due 
to attempted correlations with other areas. I would indicate 
the correlated formation by additional names, as Galena 
(Trenton) formation or Trenton (Galena) formation, as in the 
accompanying diagram, in which I linve combined the local 
classification for our area, with Winchell and Ulrich's corre- 
lation. In such a scheme the nomenclature can be changed by 
shifting the terms Utica. Trenton, etc., without confusing the 
classification. Ultimately it may be that tlie names Galena 
series and Maquoketa series will be no longer of use; that is, 
the correlation muy become exact instead of approximate. To 
be sure, authors have applied the name Trenton, etc., as if 
there were no doubt as to the exact equivalency, but not only 
have the same authors failed to use the same names in neigh- 
boring counties and states consistently, but also even in the 
same place authors vary in their application of them. 

For more than fifty years geologists have attempted to ap- 
ply the names "Trenton" and "Hudson River," in this area 
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with varying resHltH, Hiid unless better iiniforniity prevnils 
soon, exact correlation witli the Ordovician of New York plnte 
miiy be called a fniliire, and a local classification and nomen- 
clature must boprcBerveU intact. Fiirtlier, it may be suggested 
thtit no one thing will be u greater aid in establishing the de- 
sired correlation with other areas than will u looallj' exact 
and uniformly applied system of nomenclature under which 
to assemble the accumulating evidence. 



THE AGE OF THE GREAT LAKES OF NORTH 
AMERICA.* 

A Partial Bibliogrupliy, with Notes. 

By Al.EI*NDEB N. WlNCIFELI. 

1868, A. C. Ramsay: "On the Glacial Origin of eertain 
Lakes in Switzerland," etc., Amer. Jour. Sci., Ser. II, vol. 
xxxT, p. 324; in footnote, p. 342, Ramsay agrees with Sir 
Wm. Logan in ascribing the great lakes to the action of gla- 
ciers. 

1871. N. H. Winchell i "The Glacial Features of Green Bay 
of Lake Michigan, with some observations on a probable for- 
mer outlet of Lake Superior," Amer. Jour. Sci., Series III, vol. 
II, p. 15; on p. 19. Winchell assumes the existence of lake 
Superior in Tertiary times. 

1872. Charles Lyell L "Principles of Geology." llth ed., 
vol. I, p. 418; Lyell believes in a partial pre-glaeial origin for 
the great lakes. Instance the following words, speaking of 
lake Superior: "If we are compelled to grant that such ine- 
qualities of movement have occurred in post-glacial times, we 
may well suppose that others of far greater extent contributed, 
before and during the Glacial period, to form the basin of the 
great lake itself." 

1874. J. S. Newberry: "Surface Geology of Ohio," EeiKirt 
of Geol. Survey of Ohio, Geology, vol. ii, p. 72, and other 
places. Dr. Newberry seems to have hazy ideas on the origin 
nf the great lakes, and, in trying to make definite statements, 
apparently contradicts himself, as for example, in the follow- 
ing extracts: 
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"A.I1 our great lakes are probably very ancient, and tlieir 
furmation may have begun during the Coal Measure epocli," 
p. 72. 

"There can be no doubt that the baein of each of the great 
lakeij has been produced by a local glacier," p. 74. 

"Lake Superior lien in a synclinal trough, and ite mode of 
formation, therefore, hardly admits of question," p. 72. 

1878. E. W. Clajpole: "On the Pre-Glacial Geography of 
the Great Lakes," C'anad. Naturalist, New Series, vol. viii, p. 
187; Claypnle believes that the great lakes, with the possible 
exoeptii>u of Superior, occupied thevalloy of a pre-glacial river, 
and (p. 205), "The great American lakes, therefore, are noth- 
ing but merely drift-dammed pools," and not essentially erod- 
ed by the ice. This view gives to the lakes the same age as 
the theory of orljrin by glacial erosion of the basins. 

1879. J. D. Duna : Manual of Geology, 3d ed., pp. 3»4 and 
825. The depressions in which the great lakes lie must be 
geosynclinal, or "Intermont," in origin; thus, the lakes would 
probably have a great age. 

1881. J. W. Speneer: "Discovery of the Pre-Glaoial Out- 
let of the Basin of Lake Erie." read before the Amer. Phil, 
Soc, March 18, 1881, Spencer amplifies the theory that a 
great river occupied the valley of all the great lakes in pre- 
glacjal time; he presents a map of the river system in lakes 
Erie and Ontario, and asserts that till the lakes "owe their 
existence to sub-aerial and fluviatile agencies." See reprint 
of above article in Reports of Geol. Surv., Pa., vol. Q4, p. 851. 

J. W. Spencer : "A Short Study of the Features of the Low- 
er Great Lakes during the Great River Age." Proc. Amer. 
Assoc. Adv. Sci., vol. xxx. p. 131 ; another presentation of the 
above view. Lake Superior in not on the whole excepted, see 
p. 136. 

1882. W.M.Davis: "On the Classiflcation of Lake Ba- 
sins," Proc. Boston Soc. Nat. Hist., vol, xxi, p. 316; Davis 
believes in the theory of a pre-glaoial river, but thinks lake 
Superior, at least in part, existed in pre-glaoial times. 

1886. A. Winchell: "Walks and Talks in the Ge<»logical 
Field," p. 278 ■ "The Niagara river has been at work on a vast 
gorge ever since the Devonian Age. Probably none of the 
great lakes except Superior, then existed." Winchell thinks 
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the other lakea were caused by glacial erosion and drift ac- 
cumulation in a pre-exieting river valley. 

1888. G. K. Gilbert: -'Changes of Level of the Great 
Lakes." The Forum, June, 1888. See pp. 419, 420, where Gil- 
bert gives a glacial erosion origin to nil the great lakes. 

J. W. Spencer: "Origin and History of the Great Lakes of 
North America," Pi-oc. Amer. Assoc. Adv. Sci., vol. xxxi, p. 
197. 

J. W. Spencer: "The St. Lawrence Basin and the Great 
Lakes," Canad. Rec. Sci., vol. iii, p. 232. 

1889. G. F. Wright: "The Ice Age in North America," on 
page 316 and 317 Wright ascribes the excavation of thebasine 
• if all the lakes except the western end of lake Superior to 
the action of the great ice-sheet. 

1890. J. W. Spencer: "Origin of the Great Lakes of A- 
merica," Quart. Jour. Geol. Soc, vol. xlvi, p. 623. 

1891. J. Le Conte': "Elements of Geology," 3d ed., p. 560, 
The basins of the great lakes "probably did not exist in the 
Tertiary period but in their place was a great depression drain- 
ing northeastward." 

J. W. Spencer: "Origin of the Basins of the Great Lakes of 
America," Aher. Gbol., vol, vji, p. 89; Spencer here gives a 
map of the pre-glacial river system occupying the valley of 
lakes Michigan, Huron, Erie, nnd Ontario. 

1894. J. W. Spencer; "Deformation of the Lundy Beach 
and Birth of Lake Erie," Amer. Jour. Sci., Ser. Ill, vol. xlvii, 
p. 207. 

J. W. Spencer: "A Review of the History of the Great 
Lakes," An ER. Geol., vol. xit, p. 289. 

1895. I. C. Russell: "Lakes of North America." P. 29: 
"While lakes in synclinal basins might be expected to l>e of 
common occurrence, they are in reality so rare that so far 
as I am aware none of the tens of thousands of the lakes of 
America can be pointed to as examples." Russell probably 
forgets lake Superior, See also p. 97. 

1896. J. W. Spencer: "How the Great Lakes Were Built," 
App. Pop. Sci. Mon.,vol. xlix, p. 157; This is Spencer's lat- 
est and fullest amplification of his theory: "The lake basins 
are simply fragments of the old valleys of the St. Lawrence 
river and its tributaries." These fragments were cut off by 
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thecrustal osciDationB and drift accumulations of theCrlacial 
period. 

J. D.Dana: "Manual of Creology," 4th ed., p. 947; Danu 
fteeme to have modified hia views to agree with ttiose of 
Claypole, Spencer and ottiers. 

J. LeConte; "Elements of Geology," 4th ed., p. 584. : The 
opinion expressed in 1891 remains unchanged. 

W. Upham: "Origin and Age of the Laurentian Lakes 
and of Niagara FallH," Auer. Geol., vol. xtiii, pp. 169-177: 
Upham Hums up the probable truth in the following words: 
"It 8eeme not improbable that the warping and deformation 
of the land surface enclosed and changed into land-locked 
basins some parts of the Terliary river valleys of the Lau- 
rentian lakes area, so that these lakes may have begun tn 
exist in some form before the Ice Age," p. 171. 



RELATION OF THE LAFAYETTE OR OZARKIAN 
UPLIFT OF NORTH AMERICA TO GLACIATION. 

By Wabkn tJpuAB, St. Paul, Minn. 

TbE LaFATXTTE PkRIOD, tNCLUDinO THE OZABKIAN EpoCB, 

KEPBRABLB TO THE QUATERNABT ErA. 

On account of the new order of geologic conditions which . 
prevailed in the Lafayette period, .namely, extensive deposi- 
tion of gravel, sand, and loam, on the coastal plain of tlie 
southern Atlantic and Gulf states, and, closely succeeding, a 
great and general uplift, with extensive and deep erosion of 
the Lafayette and underlying beds, I concur with Hilgard and 
others in referring the Lafayette period to the early part of 
the Quaternary era. Before that time, through the long Ter- 
tiary era, our eastern part of the continent had long been com- 
paratively undisturbed byepeirogenic movements; but, begin- 
ning with the Lafayette period, these movements have been 
the most notable geologic events during all Quaternary time 
to the present day. first causing the accumulation of greut 
sheets of snow and ice, and afterward making them melt 

From their relations to the great Quaternary epeirogenic 
movements, the epoch of the deposition of the Lafayette for- 
mation, and the closely ensuing epoch of great elevation and 
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erosion which Hershey has named the Ozarkian epoch, Beem 
to me better referred, as constituting together tlie Lafayette 
period, to the Quaternary than to the ciosing part of the Ter- 
tiary era, in which they are placed by McGee and others. 
Herflhey takee the middle ground of referring the epoch of 
Lafayette depneition to the end of Tertiary time, and the 
OKnrkian elevation and eronion to the beginning of the Qua- 
ternary era.* To my mind, however, it fleeme quite certain that 
the oontinental disturbance expressed in the Ozarkinn epeiro- 
genic uplift was earlier manifested in the deposition of the 
Lafayette beds. Indeed, these beds appear to me to belong to 
the initial otage of continental elevation, as deposits of flood- 
ed rivers overloaded by the erosion of residuary clays and 
valley gravel and suud along the upper parts nf the stream 
courses, due to the intripient epeirogenic uplift, but laid down 
on the coastal plains abnve the sea level, where the decreased 
gradients and slower currents of the streams no longer permit- 
ted them to carry forward their load. But when the uplift 
liecame greater, in the Ozarkian epoch, all the marginal plains 
shared with the uplands and mountain regions in deep and 
widely extended erosion. 

OZARKIAM ElBVATION, IN ITS CtLUINATION, THB CaDSK OP 

THE IcB Age. 
To soineglaeialtsts, it has seemed to be a diOJculty, if great 
altitude was the cause of the cold and snowy climate produc- 
ing the ice-sheet, that the fjords and submerged continua- 
tions of river valleys eroded when the northern lands stood 
much higher than now, but yet had no ice covering. It may 
be readily answered, however, that the long continuation of 
the upward movement, before reaching its culmination, al- 
lowed the streams to erode the fjords to depths 1,000 to 3,000 
feet, or more, below the present sea level, while the bottoms 
of the fjords wereao raised as to be land valleys; and that 
later the elevation reached its maximum and was coniin- 
ued so long that the slow accumulation of snow from year to 
year formed ice-sheets hundreds and even thousands of feet 
thick, enveloping the north half of North America and north- 
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westftrn Europe. The ice eurfuce over Sweden, and over the 
Laurentide highlands of Canada and the basins of lakes Su- 
perior and Winnipeg, was probably one to two miles higher 
than the land, equaling or exceeding the Greenland fee-sheet, 
which rises in its central part 8,000 to 10,000 feet above 
the sea. 

NaTUKE AMD SoCRCE OF EPSIKOOENIC M0TBIIEHT6. 

LeConte, in his recent prfsidential address before the Geo- 
logical Society of America, expresses the opinion thut "no 
adequate cause has been assigned and no tenable theory pro- 
posed" to account for the widespread epeirogenio movements 
which have occurred through all the earth's history, but per- 
haps never on a grander scale than duiing the latest and pres- 
ent, comparatively short. Quaternary era. It seems to me. 
however, that these great but slow and long continued cruetai 
movements are a part of the results of the earth's contraction 
by the gradual and constant cooling of its interior. The crust, 
being hard and rigid, must adapt itself by deformation to the 
very slowly diminishing mass of the plastic or molten interior. 
This is etFected, as I believe, between the times of great fold- 
ing and upheaval of mountain chains, by the moderate distor- 
tion of the earth's general form, uplifting parts of the conti- 
nental areas and depressing other laudn or mostly parts of the 
ocean basins, until the accumulating gravitative stress of the 
deformed crust, when thus broadly uplifted and elsewhere 
depressed, shall be siilllcient to crumple some belt into a moun- 
tain range. Then the elevated or protuberant areas sink to an 
ieofltatie condition, with the formation of faults and tilting o! 
large crustal blocks, producing extensive monoclinal moun- 
tains, such as are exemplified by the latest movements of the 
Sierra Nevada and Wasatch mountain belts, and even by the 
origin of many minor mountain ranges of the Great Basin of 
the west«rn United States. 

Thin view I first stated in 1889,* and have since given it 
prominence in numerous papers touching on the causes of the 
Ice age. Like LeConte, in his address before quoted, I think 
that "elevation was. at least, one cause, probably the main 

"Wright's Ice Age in North America, appendix, pp. 573-595. Compare 
Appalacbia, vol. vi, 1891, pp. 191-307 (also in tue Popular Science 
Monthly for Sept., 1891). 
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cause, of the eold and the ice acciiinulation" during the Gla- 
cial perind. 

The foundation principle, that the crustal uplifts are due 
to the earth's slow cooling and contraction, being indeed its 
resultant deformation to fit the hard exterior to the plastic 
contracting interior, was earlier enunciated by Crosby,* from 
whom I receive this key revealing the much debated causes of 
the Quaternary ice-sheets. 

Febhanence of Continents and Oceanic Basins. 

It is evident, from the foregoing statement of my theory of 
the source of the earth's energy exhibited in its great epeiro- 
genie oscillations, that these are wholly harmonious with very 
If^ng geologic duration of the continents and ocean basins, 
which Duna first clearly saw and taught. 

At the same time, however, it seems probable and nearly 
sure that the orustal uplifts and subsidences, many times re- 
peated during the long geologic ages, in combination with 
various tracts of especial weakness in the crust, may have led 
to considerable changes in the boundaries and extent of con- 
tinental areas, so that some parts of these and of the deep eea 
may have interchanged their places. 

Thb Ciiamplain Dkprbssion terminating the Ice Age. 

The general parullelism of the events constituting the Ice 
age in North America and in Europe implies the synchronism 
and common cause of the glaciation of both these large con- 
tinental areas. Further, it implies also a common and syn- 
chronous cause of the departure of the ice-sheets, which on 
each continent ^^p rapid, as shown by the character of the 
drift depositB, and was attended with the advance of a warm 
temperate flora and fauna near or even upon the borders of 
the wasting icefields. The Ozarkian uplift, we may therefore 
confidently conclude, was at least as extensive as these vast 
glaciated regions; and it may also quite probably have includ- 
ed the intervening ocean bed. Transitions of the earth's de- 
formation, aided by the immense weight of the ice-sheets, may 
have produced alternate waxing and waning of glaciation in 
some districts, and it should probably also be accepted as the 
explanation of m6re extended glaciation during some parts of 

•Proc. BoBtoD Society of Natural History, 1B83, vol. xxii, pp. 455-460. 
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the Quaternary era in the most widely separated quarters of 
the globe, as, besides North America and Europe, in the Him- 
alayas, New Zealand, and Patagonia. 

For the two greatest glaciated areas, on the opposite sides 
of the North Atlantic, the Ozarhinn uplift was ended by a 
general subsidence of the ice-burdened lands to levels some- 
what lower than now. This time is named the Champlain 
epoch, from the occurrence of its fossiliferous marine beds, 
overlying the till, in the basin of lake Champlain. On the 
borders of the ice-sheets, when the lands thus sank to their 
present hight or lower, a mild climate returned, with warm 
summers. The ice was melted fast away, assuming, however, 
steeper marginal slopes than before, and consequently acting 
with its maximum vigorin the amassing of marginal mnraines 
whenever any temporary halt or slackening of its retreat was 
caused by secular changes of the average annual temperature 
and snowfall. 

The grandest monuments of the Ice age, in its moraine hills 
and ridges formed along the receding front of the continental 
ice-sheets, therefore belong to the Champlain epoch or closing 
stage of the Glacial period, when the depression ot the land 
favored the mainly rapid, but at many times wavering or halt- 
ing, recession of the ice boundaries. 



EDITORIAL COMMENT. 

Natdral Scibncb. 
The January number of this vigorous English magazine is 
unusually interesting and valuable to American scientists. 
The English scientist is very inquisitive and has learned that 
in America are many interesting things. He reads American 
books and tells frequently what he thinks of them. He knows 
what American scientists are doing. It may be that the Eng- 
lish readers of American scientific papers, on any specified 
topic, are as numerous, and probably as appreciative, as Amer- 
ican readers of the same. Itis for this reason that English 
reviews, published in English magazines, are sought for in 
America and that English magazines are so widely known 
and read in America. In the January number of Natural 
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Science are secliotis or parngrapba, or even lenglhy reviews, 
on tin; following Aiiiericnii topics: "Tlie Biology of tti« Great 
Lakes," "An Eastern Question," "Revision of North Ameri- 
can Siug9," "Jamos Hall," "Botanical Scraps from America," 
"Cope's Faetnrs of Evolution," "Ameriean Etiinology," "Hay- 
den Memorial Prize," "Mexico mid the Metric System." Mr. 
Bather's review of Cope's Factors of Evolution is a long and 
critii-ul synopsis and complete examination of that work. We 
thank our English eoiisinsfor their appreciation of our prog- 
ress and for their friendly talk. n. h, w. 

Sevbmth Session of the International Congress of 
Geoloribts. — St. Petkrsrdrg. 

A translation of the second circular from the C^nmmittee on 
Organization of the International Congress of Geologists to be 
held in St. Petersburg next summer, was published in the Ap- 
ril number of Tee Geologist. This month the map of the 
excursions is added, together with a supplementary circular 
which the committee has been obliged to issue because of the 
unexpectedly large number of applications for curds entitling 
the holders to participate in the escursions for the small sum 
which the committee, thanks to the assistance of the imperial 
government, the municipal authorities of the cities along the 
routes, and certainHarge proprietors and companies interested 
in the development of Rusetan resources, has been able to fix. 
This last circular has evidently been issued with regret by the 
oommittee, and while it wilt caufe great disappointment to 
many who would have used the occaeiun for the benefit of the 
scientific world, it is of the utmost importance that its pur- 
port should be published as widely as possible in order that 
no one may unadvisedly incur the serious expense and trouble 
of a voyage to Russia under the misapprehension that he will 
beallowed to join in the excursions. 

The qualification for admission to these excursions which the 
committee has adopted is an extremely stringent, and it may 
be thought a very arbitrary one ; and is no less than the re- 
striction of the privileges to fkoae geologists whose published 
works are known to the comniiltee. The book recently issued 
by M. de Margerie professes to be a bibliographT of bibliog- 
raphies, and as such would not be expected to contain the iu- 
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dividual worke of a. geologiet untetft^ they were of a biblio- 
gruphical ehiiracter. Yet there are enough instanBee where 
one or two titles not belonging to this ciitegnry appear, td 
make one anxiouB lest this work should be made the standard 
by which the eligibility of a gcnlogist should be determined. 
If this "Catalogue of geologieal bibliographien/' recently is- 
Bued by the Congress committee (of which Serge Nikitinis 
president and Emm. deMargerie secretary) should be regarded 
as sueh standard, the rule would be prohibitory in manycases, 
in spite of the fact that valuable contributions to geological 
literature had been made by the parties excluded. 

The Russians have long been in Europe the only competi- 
tors of the American!) in liberal and targe undertakings, and 
they hiive determined to outstrip us in the magnitude and 
generosity with which this the seventh session shall be con- 
ducted. They have an enormous terrane, incredible resources, 
which are but little understood outside of their own otUcial 
scientists, and they hiive evidently det«rmined that this gath- 
ering of the geologists of the world shall be so directed as 
to make these facts known throughout the civilized world 
and ni»rk an epoch in the history of Russia'smaterial progress. 

FoUowingis the supplementary circular mentioned. 

p. F. 

The Committee of OrganizAtion of the Seventh iDtemationalOoDgreBs 
of Geologists, after having donu all that depended upon itself for the 
beet organization of the eicursione which wili take place before and af- 
ter the session, founi.1 itself in the position to proposo to geoliigists 
to take part in them on the least DxpeDsive L'onditions. The low price 
of the excursions is due to the fact that the Rusaian government lend- 
ing its aid, at the requeat of Che committee, has deigned to grant, as we 
had the honor of stating in the first circular, all possible facilities as to 
the sojourn of the geologista in the empire. Now that these privileges 
have obtained a wide publicitj' the Committee receives every day re- 
quests, both from geologists whose presence at the Congress is very de- 
sirable, and trum numerous persons uuknown, who have not niade 
their naiues familiar in the domain of geology. Consequently the Com- 
mittee is obliged to announce that geo/o^istu viili/ have tlie right to prvfit 
by the facilitiei aeciirded for their arrival in Hunaia and their par- 
ticipation in the excttraions, and that these favors are in no way ex- 
tended to persons who have not made themselves known by geological 
publications. 

This exclusion is due principally to the excessive number of geolo- 
gists of other countries— more than 600— who have expressed the desire 
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to coroe to RuBsia nnd to take part in the excuraioDs; ibere is, iuJeed, 
every reason to bolieve that this number will be exceeded. If, in addi- 
tion, others desirous of traveling in Euasia at a minimum eipense come 
to joio these, the committee will find it impossible to organize, in a sat- 
isfactory manner, the excurBions for the geologists for whose exclusive 
profit the Russian governmont has made great sacrifices. For these 
reasons the Committee of Organization tinds itself, with regret, obliged 
to announce that from now on, all those persons who are not known to 
it by geological works, in case of their having sent the memberBhip fee 
to the treasurer, may be inscribed as members of tbe Congress, but can 
not profit by the advantages accorded, we repeat, to geologists solely. 
Id tbe name of the general Committee of Organization. 
The Bureau. 

A. Kabpikskt, Frfsidfnt, 

Th. TeCHEtUjTSCUEW, General Secretar]/. 



REVIEW OF RECENT GEOLOGICAL 
LITERATURE. 



The Geology of Minwwta, 1898-1896. Vol. Ill, Part II, pp. 475- 
1081 of the Final Report, 4to. Paleontology. By Edward O. Ulrich, 
JoHti M. CI.ARKE, Wilbur H. Scofirld, Newton H. Winchei.l; (The 
Geological and Natural History Survey of Minnesota, N. H. Wincbei.1:.. 
State Geologist, Issued February, 1867.1 

Perhaps at no time in the history of paleontology has there been sucli 
rapid changes in ite nomenclature and terminology as at present. For 
nearly fifty years, the classic reports of the veteran paleeontologiet, 
James Hall, state geologist of New York, together with the venerable 
writings of Billings and Salter in Canada, as regards the Lower Siluri- 
an pa Ise on to logy, especially, have proved quite sufficient for all the prac- 
tical purposes of general geology and stratigraphy. But now that pal- 
^Bozoology or palteobiology are sciences as exacting as their sister sci- 
ences, it seems quite necessary to go deeper into the functional relatiooe 
of the various characters as exhibited by tbe fossil organic remains and 
present a classiflcation which can better receive the species creatMl 
during the past fifty years and render tbem more intelligible. For ex- 
ample: the genera Spirifera, Strophomena, Ortkia, Murehitonia, Mt- 
toptoma, and Pleurotomnria, each stood as the head of an exceedingly 
large army of species which, with as perfect material as the museums 
of America can now afford, ought to show such characters as would 
lead to a sub-division of these genera into sub getiera, at least, if indeed 
we cannot say quite positively that the newly constituted sub-generic 
designatioFi of Hall and Clarke, and Beecher, and Wincbell and Schu- 
chert, and Ulrich and others are truly of generic importance. 

One fact remains, and that is, that everywhere in the animal kingdom 
whether in Recent biological studies, or in paiieontology, we ought to 
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try aod und ascertain the true bioloffic interpretation of the charactere 
observed, and not rest satisfied until the relatiuns existing betweeo 
classes and orders and (teoera are established on a reasonabEy natural 
basis. There are no hard and tost linoa in the realm ot fossil organic 
remains, no more than in recent biological researches. 

We almost go so far as to say that in studying any eztenBive series 
of fossil remains, even from the old paleeozoic formations, we cannot 
truly state that either a genua and a aperies is a terra that can be defi- 
nitely and distinctly characterised so as to include known or afterwards- 
to-be discovered forme. 

Nevertheless, it is quite convenient and reasonable to create genera 
and species. A careful study of the palarantologic characters of a 
group of urgtmisma from a definite series of sediments will be most help- 
ful in future correlations of strata in different parts of the continent, 
serve to throw light upon the origin nud cradle of certain types, and on 
their subsequent migrations and vicissitudes due to the differences iif 
uiarine conditii'DS in those early times. 

The board of regents of the University ot Minnesota and the state 
geologist and his staff deserve congratulations on the completion ot vol. 
Ill, part M of their final report upon the geology of Minnesota. Vol. iii, 
pt. I contained, besides a "historical sketch of investigations of the 
Lower Silurian in the Upper Missinsip pi Valley," a series of chapters on 
"Cretaceous foSHil plants from Minoesota," by Leo Lesquereux; ''The 
microscopical fauna of the Cretaceous in MinneBota," etc., by Wood- 
ward and Thomas; "Notes on other Cretaceous fossils in Minnceota," 
N. H. Winchell; "Sponges, graptolites and corals from the Lower Silu- 
rian in Minnesota. " N. H. Winchell and Charles Schuchert: "On Lower 
Silurian Bryozoa of Minnesota," E. O. Ulrich; "The Liower Silurian 
Bracbiupoda of Minnesota," N. H. Winchell and Charles Schuchert, 
the whole forming a handsome volume ot ITJ pages, illustrated by forty - 
one plates and thirty-four figureR, issued July, 1896. 

This volume iiii, pt. ii, issued Feb. 2d, 1897) opens with an introduc- 
tion by N. H. Winchell and E. O. Ulrich on "The Lower Silurian de- 
poMts of the Upper Mississippi Province," giving the stratigraphlc and 
geographic distribution of the tonsils. This is followed by a chapter on 
"The Lower Silurian Lamellibranchiatu of Minnesota," byE. O. Ulrich; 
"The Lower Silurian Ostracoda of Minnesota," by E. O. Ulrich; then 
comes two chapters by Prof. J. M. Clarke on "The Lower Silurian 
Trilobites ot Minnesota," and on "The Lower Silurian Cephalopoda of 
Minnesota," closing with Chapter X, on ''The Lower Silurian Gastro- 
poda ot Minnesota." by E. O. Ulrich and W. H. Scofleld. 

The editors record with sadness the loss of the last mentioned author 
who died during the preparation of this volume. His death will not 
only be a loss to Minnesota, but to geological science. 

In reviewing the paleeontology ot this volume I will deal with each 
chapter separately. Part ii of vol. ni, opens with Chapter VI,— "T/ie 
Lovier Silurian Lametlibranchiata of Minnesota." By E. O. Ulrich, 
pp. 475-628. Id this chapter we noto that the genus AmbonycAia Hall, 
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has been aineniled so as to include A. helliitirata Hall, tbe tjpe A. 
amygdalina Hall, and a new species A. affinU, whilst the genera Cli- 
onychia (Utrich), and Byseonychia are made to include the remainder of 
the known species of the Ambonychiidn of Minnesota, and for that mat- 
ter of other portions of North America. One new species each of Cli- 
oDj'cbiii and Byssonychia are described: C. nitida and B, tenuUtriata. 

[The genus Whiteaveaia has been created, p. 513 et seq., for the re- 
ception of certain forme of Modiolopnis each as M. cincinvatiennU Hall 
and Whitfield; Jf. raodioliformii M. and W. To these two forms Ulrich 
adds another, WhUeaveaia, W. unbparinala). 

The genus Orthii<i«f,ma has not been disturbed but certain spe- 
I'ies "of the same general type as ModiolapfU and Mndtniorpha,''' 
having from onf to tltree oblique cardinal teeth in each vnlve, have found 
n resting place in the newly-cnnstitu ted genua Modiolodon, with M. ovi- 
fiirmii Ulrich (sp.) as the type, M. winehelli, M. ganti, M. patttliu 
and M. f gibbuK, most of which Ulrich states might have been placed 
in his own genus lachyrwlonta, 

Colpomya is a new genus made to receive four forms: JIf. cotittriefa. 
the type from Kentucky, M. detniaxa {a Minnesota species) and two 
other species. Madiolojtaii milleri Ulrich, and 3f. /aba Hall are also 
placed under this general description. 

Arieterella nitidula Ulrich, is a newly described form both as to 
generic and specific name. Ulrich says of this species; "It might have 
l>een placed into either Actinomya or EuTytnya, were it not for its un- 
equal valves." 

Certain forms previously referred tuthe broad genusModiofopsi* have 
been referred to Bndodeama, B. cunelam Ulrich, being the type. Sii 
specieH are referred to this genua. Ulrich doubtfully placed them "near 
iih^fim^d Ulrich, an early type of the Pholadei.lid.k." ModioUipxit 
IrentonenaiH is also referred to this genus. 

Psiioconc/ia, a genus very closely related to JModwIojMiii or OrWiOde*nia 
has been created to receive P. grandU Ulrich, P. minnesotenaiK and a 
number of other forma from other states. Piotohella Is also doubtfully 
referred to the ilodiotopaida, P. strialula Ulrich being made the type, 
whilst Avicula trentoTiennia and A. ovifwmis of Halt, 1847, are also re- 
ferred to this new genus. 

In the CyrtodoQtidffi of Minnesota Ulrich includes: C^focfon fa Bil- 
lings, Vanuxfinia Bill., Matheria Bill., and his own genus Whitella. 
Cgrlodonta ragosa and C. canaden&it, both of Billings, are taken as the 
types of this genus. Ulrich adopts CyHodonta of Billinga instead of 
Conrad's genus Cypricarditea, and on page 5,35 gives his reasons in a 
clear and concise manner. Oyrlodonta is used t>otfa by Canadian and 
European authors, and we agree with Mr. Ulrich in his remarks, except- 
ing his last remark regarding the use of the term Cffprtcarditeg in no- 
monclaturo. We think it very unwise to refer any form of fossil organ- 
ism to a genus which has not positive tlatim in the department of 
palsontology. 
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Ten new species of Cyrtodonta are described (rom MiDnesota, in this 
Tolume, besides five others previously recorded by the nutbor from the 
same state, in the "19th Ann. Hep. Gool. and N»t. Hist Surv., Minne- 
sota," for 1883. Forms referable to Vanuxeniia Billings, butottimes 
referred to Cypricarditet by Uoited States writers are ulsu noted. 
Under Matheria Ulrich places oae Mioneeota epecies: 3i. rugoua Ulricb, 
whilst under his genus Wkitella he places twelve forms at times very 
difflcult to separate. 

Under the family NuccLtDS, Mr. Ulrich has made an interestintc 
study of the sheila referable to the i;enus Ctenodonta Salter. He has 
arranged the large array of species of this genua into -six more or lesH 
well-marked groups" in which an attempt is iimde to classify most of 
(he North American species from the limestones of the Quebec group of 
Newfoundland, as well as from the Lower Siiurian rocks of Tennessee. 
We should have been pleased to have seen the mist dispelled which hangs 
over the genera Clklopborus, Cuculleln and Nuculites. Without enter- 
ing upon the task, Mr. Ulrich classes two Lower Silurian species from 
HiDoesota under the tlrst of these three genera, which, as be remarks, 
may be synonymous. From the Nl'cclida Mr. Ulrich has separated a 
unmber of species referred to the genus Lyrodenma and constitutes 
the family LyBODBSMii)^;, taking L. planum Conrad, as a type of the 
genus and adding two new species from Minnesota, viz: L. actnnitialuni 
and L. cannonenne, besides his L. vtujor (sic) for L. miy'MJi. The re- 
maining forms are referred to TfChnnpkorue. Miller; AUodesma, Ulrich 
(n. gen.): Rhytimya, Ulrich; Cuiitamya, Hall: Spkenolitim, S. A. Miller, 
and Saffordia. 

Plates XXXV to xlii, inclusive, of this volume, contain no lees than 396 
Hgures or illustrations of Liamellibranchiata. 

Chapter VII. The Lowrr Silurian. Oitiravada of JUinneaola. By E. 
O. Ulrich. The leading; features in this interesting contribution to a 
humble thougli iiupartant group of fossil organic remains is the "pro- 
visional classification of the Palteozoic Ostracoda," which at once gives 
us a very systematic and comprehensive view of the families and genera 
of North America, a^ well as foreign Ostracoda. Many of the recent 
changes in nomenclature made by Prof. T. Rupert Jones are adopted 
and a decided step in advance may be said to have been made as regards 
the study of these abundant little creatures of the old Palffioaoic rocks 
of Minnesota. Such contributions to science by the State of Minnesota 
are a credit to the State and a help to palieonto logical enquiries the 
world over. The following genera are recorded from Minnesota: Lep- 
erdtlia, Ltptrditella, Sehmidtella, Apari:hHe», Priniitiella, Primitio, 
Halliella, Beyrichin, Euryehilina, IHcraneila, Jonetella, BoUia, Drep- 
anella, Dilobella, Clenobolbina, Ceratopais, Tetradtlla, Moorea, Mac- 
TonoUlta, CytherelUi, Bytkocyprin and Krauiella, comprising in ail 
tioenty-four species and varieties from the Lower Siiurian of Minneso- 
ta. The four plates accompanying the letterpress contain 230 illustra* 
tions of Ostracoda, most of them magnified twenty diameters. 
(To be continued.) 
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A Summarg of Progress in Petrography in 1^96. By W. S. BArLEY. 
(From monthly notes in the Amer. NataraliKl. Waterville, Me., 1897. 
Price 50 uents.) These HumiunricB, ot which the preseot is number 15, 
contain the author's Tvell-kDOWD mootbty notes arranf^d in conBecutive 
order and having; their orij^inal paginge. An index ot authors and one 
of subjects hftvn been added. u. a. o. 

Biennial Ite}>ort of the Stale Gevlogitt [of Mi»iiou'ri\ trantmittett 
by the Bureau of Geology and Mines to the S9th Qeneral Aasent- 
bty. By C. R. Keyes. (Mo. Geol. Survey, 03 pp., 7 pla., 1897.) This 
report reriewa the work ot the Missouri Survey, especially for the last 
two years, gives statements of the results accomplished in various linee 
and outlines the inveatigntione already in progress or contemplated. The 
work has been mainly along two lines, subject work and areal work. 
The first has been given more attention thus far, tvhile the second is 
well under way. Thus far the printetl areal work has been confined to 
small areas, or sheets, in the mining districts, but one county itireen) re- 
port is nearly ready for the printer and in another county the mapping 
is practically finished. 

The work in progress consists of eleven detailed sheets, reportson live 
of which will appear soon; an extended investigation of the coal depos- 
its, which it is hoped will be ready for publication during the ensuing 
year: a report on the building and ornamental stones; work on the for- 
mations and structure of the Ozark region; summary of the general ge- 
ology of the state; aa investigation of the minerals not miced; and re- 
ports on the resources of the different counties. 

The publications thus far issued are: (1) four biennial administraticp 
reports; (2) five bulletins,— bulletins are now discontinued; (3) eleven 
larger volumes, and B twelfth (areal geology) is in press. u. s. g. 



RECENT PUBLICATIONS. 

I. Oovemme.nt and State Reports. 

Mo. Geol. Survey, vol. 10. 53.3 pp., 22 pis.. 1896. Physical features of 
Missouri, C. F. Marbut; Formation of Quaternary deposits, J. E. Todd: 
Bibliography ot Missouri geology, C. E. Keyes. 

Mo. Geol. Survey, vol.11, 632 pp., 39 pis., 1896. Clay deposits, H. 
A. Wheeler. 

Boletin de Institute Geologicode Mexico, Nums. 4, 5 y 6, 270 pp., 
plates and map, 1897. Antonio del Castillo (sketch, with portrait), J. G. 
Aguilera; Prologo, J. G. Aguilera; Eatados de Durango, Chihuahua, So- 
nora y Sinaloa, R. F. Buelna; Itinerarios geologicos, Ezequiel Ordoftei: 
Itineraries geologicos, J. G. Aguilera; Sinopsis de geologia Mesicana, 
J. G. Aguilera; Eocas eruptivas, Ezequiel OrdoHez. 

Proc. U. S. Nat. Mus., vol. IB, 1896. Diagnoses of new Tertiary fos- 
sils from the southern United States, W. H. Dal i; Notes on asbestos 
and aaliestiform minerals, G. P. Merrill; Description of four new Trias- 
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sic Uaios from the staked plaiaa of Texas, C. T. SimpeoD; Fossil jelly 
fishes from the Middle Cambrian terrane, C D. Walcott. 

Kept. MinD. Park Com. on the State Park at the Dalles of the St. 
Croix, 1897. The St. Croix river before, duriog and after the lue age, 
Warren Upham. 

Ho. Geol. Survey, 63 pp., 7 pi <., 1S97. Biennial report of the state 
l^olt^st transmitted by the Bureau of Qeology aod Mines to the 39th 
General Assembly. C. R. Keyea. 

II. Proceedinga of Scientific Soeietiet. 

Prou. Ala. Indust. and Sd. Sec., vol. 6, pt. 2, 1898. Gold niilling in 
QIayCo., Ala., at the Idaho mine, Joshua Franklin; Hanganeee ores 
of Georgia, W. M. Brewster. 

Jour, of the Weatern Soc. of Eagineera, vol. 2, no. 1, February. 
Natural distortion of roclc in place as shown on the Chicago drainage 
canal, C. L. Han-iaon. 

Bull. Geol Soc, Amer., vol. 8, pp. 59-86. pis. 3 9, Feb. 17, 1897. Dia- 
biise pitcbstone and mud enclosures of the Triassic trap of New Eng- 
land, B. K. Emerson. 

Ibid., pp. 87-112, plB.10-13, Feb. la Sheetflood eroaion. W J McOee. 

Ibid., pp. 113- 1S6, Feb. Ift. Earth-crust movements and their cauaee, 
Joseph Le Gonte. 

Ibid., pp. 127-156, Feb. 17. Stratigraphy and paleontology of the 
Laramie and related formatlonB in Wyoming, T. W. Stanton and F. H 
Knowlton. 



CORRESPONDENCE. 

Obsbrvatiohs OH thrCimarroh Srries.— In early April of 1896, I 
traversed the Cimarron series from southern Kansas across parts of cen- 
tral and weeti^rn Oklahoma and northwestern Texas, toobtain such new 
data as I might concerning the extension of the Cimarron eeriea iind its 
members southwestward from the Kansas Oklahoma area desi-ribed the 
month previous in my article, "The Permian System in Kansas." * In 
the September following, I examined of the western extension ot this 
series in Clark and Meade counties, Kaneaa, and Beaver county, Ok- 
lahoma, certain small areas filling out gaps in my previous work. These 
two reconnaissances, which covered by rail, wheel, stage and saddle an 
extensive area, occupied but little more than a month altogether and 
were less complete than I could have wished, esi>ecially in the case of ' 
the southern one, but they sulQced to add considerable to the knowledge 
of the series. 

The more important of the new observations, with some related mat- 
ter, are here presented. 

Briefly, most of the subdivisions that I have described in the Cimar- 
ron series in Kansas are more or leas clearly recognizable in central Ok- 
lahoma, and some of them, at least, reach much farther south west ward. 

•Colorado CoUece Studies, vi. pp. 1-U. 
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To what extent the claBsiflcation given for the CiiuarroD rot^k 

p&B, D«ecl3 to be modified for adaptation to the KaDeae-Oblahnma arenas 

a wbole, will appear in what follows. 

The Harpeh Beds and thb Salt Plain Meabcikeb.— Aa eurmiaed in 
■'The Permian System in KanPBs," the horizon of the great salt spring 
at thi! head of Salt creek, iu Blaine county, Oklahoma, belongs to the 
Salt Plain measures; but the observations made in the April recoo- 
naisBanue show that the evidences of salinity are not confined to the 
Salt Plain meapures but that the Harper beds are also distinctly ealifer- 
ouB. In the gently inclined plain (irained by Salt and KingAsher 
creeks, and reaching from the Ciuiarrun river westward to the foot of 
the bluff-range of the Cave Creek gypsum, the outcrops of the Harper 
and Salt Plain formations constitute all of the pre-Neocene part of tbf 
surface, the Salt Plain beds forming a more westerly and upper zone of 
unknown width below the Flower pot body (and Cedar Hills base?) of 
the bluffs, and the Harper beds occupying a (presumed proportionally 
large) lower part of the valley and crossing the river to the eastward. 

The saline character of the Harper is manifested west of the river and 
of Dover by the frequent brackish and salt wells encountered. Thue, 
the difficulty of drawing a line between the Harper and the Salt Plaio 
is increased, and these should perhaps lie considered as composing a 
single saliferous formation, for which, from its being traversed by King- 
fisher creek and having the town of Kingfisher within its area, the 
name of A'tTEf/jfsAer would be appropriate. But notwithstanding this 
difficulty, the Salt Plain measures force themselves upon us as a verg 
pronounced, aa6, if iateruptfi, perKistently recuri-ing saline horizon. 
Reduced to aubformational rank under Kingfisher, the Salt Plain 
measures would be, in a sense, its more important, though its thinner 
member, and genetically would repre««nt the culminating time of con- 
ditions which were more or leES favorable to the deposition of salt dur- 
ing the entire Kingfisher epoch. The conditions are nearly parallel 
with those of the column represented by the gypseous Flower-pot shales 
and the thinner, massively gypsiferous Cave Creek beds above them, 
the Cave Creek representing the culmination of conditions only imper- 
fectly expressed in the Flower-pot shales, viz., conditions favorable to 
chemical deposit (precipitation — in this case, of gypsum) as opposed to 
those favorable t^ mechanical deposit (sedimentation). This culminat- 
ing relation of the Cave Creek gypsum formation to the gypsum -sparred 
shales of the underlying Flower-pot, was one of the considerations that 
led me to place the former with the latter in the Salt Fork division, 
rather than alone or in the Kiger division. It will be seen further on 
that we have in the Dog Creek formation a third circle of precipitation, 
one of dolomite, and that this too has its preparatory and its culminat- 
ing stages. 

Because, from Kansas southward to the Stony hills of Blaine county, 
Oklahoma, and to an unknown distance beyond, the tine l^etween the 
Dog Creek and the higher formations is sufficiently well distinguished 
and the danger of confusing this formation with any other dolomite 
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[oriuation is eliminated by its constant asBocmtion with the Cave Creek 
gypaiim formation, and finally because (aa atated in "The Permian Sys- 
tem in Kaneaa") the red shales ot the Dog Creek af^'^e better in titho- 
logical character and color with those of the Salt Fork division below 
the Cave Creek than with thoae which are most churacteristic of the 
Kiger diviaion, and often coDtain, in their lowest part, eeatnsof gypsum 
similar to those in the horizon next below the Medicine Lodge gypsum, 
(vis., the Flower-pot horizon of the Glaaa Mountain fornaatiou), lam 
now led to transfer the Dog Creek formation from the Kiger to the 
Salt Fork division, placing the line lietween the two divlaions where, in 
preparing my earlier paper above cited. I suspected that it should be 
drawn, viz., at the summit of the Dog Creek formation. Thus we have 
in the Salt Fork, or lower division of the Cimarron Eeriea, three cjcIbb 
of precipitation: the first of salt, the second of gypsum, and the third 
of dolomite, each ioduding two stages, a preparatory and a culminating 
stage: the preparatory represented in each inatance by a greuter, and 
the culminating by a lens thickness of rock, but the former stage by 
fegs and the latter by greater bodies of the precipitate. This relation 
may be graphically indicated in the following table, which expresaes the 



J RELATIOna OF TH6 SALT TOttK I 

CcLMiNATiNO BTAOB -J ChapmuH f Dog Creek or Stony Hill 

Pbepabatory 8TAOE Amphithentre 1 '''""'^f" DoI^^J^""" 



CuLMiNATiNO BTAOB -J CavB Creek 



.£tna 



Pbkpabatobt OTAOE ] Gla*» Mountain \ cycle of precipitation 

( (^ of Gypsum. 

C.-L«iHAT.Na ^AOB ^ Salt Plain ( Kingfisher 

PaEPABATORV STAGE j Harper \ ^^-^'^ °' Precipitation 

( [ of Salt. 

In this table the Cedar Hills sandstone is omittetl as probably of only 
tocai development, ^tna. from .iStna, Kansas, is here proposed for 
the first time as a cimmon name for the Glass Mnuatain and Cave 
Creek formations, expresaing the genetic and chemical relationabip be- 
tween them. The names Qlntu Mountain, Amphitheatre and Chapman 
are explained farther on. 

The so-called great salt spring at the head of Salt creek is the source 
of a large amount of strong brine. It is not in the form of a single tMild 
spring, as might l>e interred from its name. The divide between the 
Cimarron and North Canadian rivers, opposite the head of Salt creek, 
consists of Black -jack- wooded Neocene sanda. commonly known as 
"Jack -sands," whose thicker parts seem to include superficial Eeotian 
layers and deeper deposits of aqueous origin with basal, water-bearing 
gravels. Above the great salt epring, the eastern liorder of this wooded 
upland crowns an acclivity of between .'TOO and 400 (eet, the lower235 of 
which (including the Glass Mountain and Cave Creek formations) forms 
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precipitous caoyon-walle, while the remaioing upper portion (the Dog 
Creek dolomites) forms theless ateeplycut walls and uneven floor of a 
broad, baaiu' shaped infra-ayivan eicavation. or amphitheatre, which I 
Hhall call the Cluipman amphiUieatre, after Hr. H. C. Chapman. It is 
the e»ine aa the "Natural Brid)^ park." cited by the writer in a previ- 
ous article, from Mr. Chapman's letter. Descending from the eandy, 
wooded rim, the incipient drainage liaee of the amphitheatre converge 
to a canyon doivn which descends steeply, from the base of the Cave 
Creek formation to a level somolGO feot lower, a dry torrent bed, strewn 
with blocky boulders of gypsum. Atthefootof this lies a moderately 
inclined, narrow, springy mud-Hat, or salt-plain, the head of which ie 
that of permanent flow in Salt creek, and practically marks the summit 
of the Salt Plain measures. This salt-flat varies from 30 to 50 rods in 
width, and has a length of between three and four miles. Its upper end 
is ensconced in the depths of the canyon, the lower part being in the 
more open country where the great Trans- Oklaho man or Mnrey' bluff- 
ranf^e breaks down to the peneplain of the Cimarron river. Prom this 
flat arises and through it Sows the brine-stream, which, beginning as a 
mere rill at the upper end of the Inclioe, and Joined in its course by oth- 
er rills and rill-forined branches, soon attains the proportions of a large 
brook. The latter maintains its character as a pure brine-stream till it 
reaches the mouth nf Bitter creek, by which it is rendered too Impure 
for use in salt-making, as the water brought intJj it by Bitter creek is 
highly charged with gypsum. 

.\t the time of my viuit to this locality, to which I was conducted by 
the kindness of Mr. H. C. Chapman, salt was being manufactured by 
Qvp different parties who had taken up claims along the borders nf the 
briue-stream. This aalt is manufactured very cheaply, as the brine, 
according to members of the White family, who were the largest manu- 
facturers, is so strong that it makes from one-third to one-half of ils 
bulk of salt, and fuel is cheaply obtained from the Black-jack wiMids 
that clothe the Jack aandn on the neighboring hights, a little cedar also 
inow nearly exhausted) being cut aud rolled down the bluff tor fuel at 
tbi> SaunderB salt works, which are in the deepest part of the canyon 
and nearest the head of the stream. The salt was being hauled by 
by wagon to Kingfisher and El Rcdo and sold'there. it was said, at a 
price BO low h» to compel a reduction in the former price of the Kansas 
salt sold in those markets-t 

Owing to the crudcness of the method of manufacture now employed 
at Salt creek, the salt there produced contains a trace of red clay eedi- 
meut, or of ferric oxide derived therefrom, imparting to it a faint red- 
dish tinge. This, however, could be easily overcome, and there ia no 
reason why the finest grades should not bo made there. With the brine 
strong and pure, no pumping necessary, and fuel cheap and abundant, 
the natural conditions for the cheap manufacture of salt are there ap- 
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parently more faror&ble than at anj' other western point eaet of tbe 
Rocky mountaine. 

In my paper on "Tbe Perminn ayateoi in Kansas," I have retorred to 
outcrops of the Salt Flaio measures as far northeast as Little Salt 
creek, north of Hazelton. Kansas, and to its having been pierced aa a 
rock -salt- bear tag formation in a Ixiring at E*ratt, still farther northeast- 
ward, in the Cimmaron- Arkansas divide. It apparently gives rise to tbe 
group of brine-springs at which salt ie being manufactured in a primi- 
tive way by claim-holders on Elm creek in western Greer county, Okla- 
homa,'^ and to the salt water which hai given name to the Salt fork of 
Red river. Its extension much farther southwestward seems probable, 
thou({b I have not yet dpterminitd its position it) tbe Permian BecticD of 
northwestern Texas given by Mr.W. F. Cummins in thenecond annual 
report of the Texas State Geological Survey, Occurrences described by 
Mr. Cummins in that report (pp. WS and 447) are so similar to those of 
the Salt Plain formation that I shall be surprised if future exploration 
does not show some of them to belong to it. On the other hand, it is 
praetically certain that some of the saline outcrops of the Texas Permi- 
an belong to a lower horizon. 

Tke Glass Mountain Formation. .The Cedar Hills sandstone of 
my Kansas Permian section has not been satisfactorily identified in 
central Oklahoma, and it is doubtful whether it is poesible to distin- 
guish there the lower or theoretically Cedar Hills, part of the beds be- 
tween the Salt Plain and the Cave (l^reek, from the lower part of the 
Flower-pot shales, which, however in Oklahoma as in Kansas differ 
somewhat from their more specialized upper part. It therefore seems 
necessary to regard all of the beds above the Salt Plain and below the 
Cave Creek as one formation. This may be called the Gtaaa Mountnin 
formation. The name refers to the Glass mountains,t whose own 
name has been taken from the slabs of selenite (popularly called "isin- 
glass) which there and at intervals elsewhere are strewn upon the out- 
crops of the more characteristic upper portion of the formation (the 
Flower-pot shales), rendering them conspicuous even at great distances 
by their glistening and sparkling appearance. A thickness of at>out 
160 feet lunrepeated barometric measurement) was obtained for the 
Gloss Mountain formation at the great salt spring of Salt creek, where 
tbe base and summit of the formation are respectively marked by the 
summit of the Salt Plain saline floor at the head of the spring and by 
the base of the Medicine £A>dge gypeum bed. 

*For B koowleilirs of Chose HprinKs Hud other tact« of geolosical ialeroat, I am 
indebted to Mr. ^.T.Sayre., Hedoscribos tlimi, InrRe riprlDRs ["i the south side of 

□ rthew^atliaoorUreercouuty.aad'tbe otliern about half 'a mUo and ^"'miie'' bu- 
lowlbe Itrst. At BprmH N'o. 1, two nartiex were makiiiH salt when he laBtTlai^ 
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evelopmeat of the Cave Creek 

Dorthern Texne is practically 
be April recoDDaissitDce settled 
I is DO mere local bed. but, as 
srmation, ia second onl; to the 
(tensive vith the latter within 
known. Thus the cave forma- 
k, tbe southern Kansas locality 

in character. It ie magniti- 
luffa and buttee which I have 
itutes one of the most etriking 
:ching almoBt uninterruptedly 
Bt, to the eastern foot-slope of 

elsewhere described the north- 
na, this range of bluffs may t>e 
cinitf of Glnse mountains and 
idian, which the gypsum reacb- 
Q recesses, nestles the head of 
r>rth of the principal heads of 
ilaco to an acclivity of such a 
sage tor the Kingfisher-Waton- 
irruptione due to erosion and 
gypsum group estends thence 
raahita county, and the south- 
ed is thecce continued across 

Greer county, Oklahoma, and 
racross Gypsum creek of Greer, 
:y (nearQuauah); till, reaching 

pursues for an unknown dist- 

eaetern escarpment of the lat- 
<D, the Medicine Lodge gypsum. 
nknowu, but which In probably 
orth .\merica. is usually more 
tly to its greater thickoeas and 
tie Shimer gypsum, at a short 
f-front up to the summit of the 
lember is seen cut squarely ofl 

is more fi-equeotty rounded crfT 
itritus from the overlying Dog 

□ty, Oklahoma, the Cave Creek 
t, the Medicine Lodge and Sbi- 
3 21 and 15 to 18 feet thick, and 
I to tbe combined tbicknesB of 
find that the gypeum cavee and 

Ml the CullintwuorMKipenm forma- 
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DHtural bridges ot the so-called "Natural firidge park" (Chnpoian's am- 
phitheatre) at the bead of Salt creek are not developed id any nay more 
strikingly than they are in southern KaDsas. Indeed, neither cave nor 
natural bridge was seen that equalled the Ci>manche cave or the Bear 
creek bridge described in my paper on "The Permiau System in Kan- 
sas," though the roof of one tunnel-like cave, to which I was conducted 
by Mr. Chapmaa, servea as a bridge for the pnsEage of a road. Thit 
bridge is in the Shimer gypsum, whit:h is the principal cave-forming 
member of the formation at that locality. Near the upper limit of the 
brine-spring Incliae atthe hntuiof Bait creek, sumeof the blocks of gyp- 
sum that have rolled down from the Cave Creek brow of the canyon 
have been curiously fluted by the solvent a<:tion of rain. 

In his Rod River report, in a letter quoted by Pres. Edward Hitch- 
cock on page 160. Captairi R. B. Harcy described a great ''gypsum- 
belt" which he stated that he had traced "from the Canadian river, in 
a southwest direction, to near the Rio Grande in New Mexico," men- 
tioning his observation of it upon the Brazos, Colorado, and Pecos riv- 
ers. But on page 99 uf the same report, be attributes the belt, on the 
authority of Maj. Long, to the Arkansas valley also, confusing it with 
the gypsum of the Marion (Geuda) formation: and in his "Map of the 
Country between the Frontiers ot Arkansas and New Meiico." he 
makes it cross the Canadian in the eastern portion of the great bends 
o[ that river, which, would place it in D county, Uklahoma. Neverthe- 
less, I believe that the gypaum- crowned blufTa represented in his "View 
of Gypaum Bluffs on the Canadian River" (Plate 5) are not those of D 
county, which are capped with the much higher gypsum herein de- 
scribed as the One Horse gypsum, but belong to the Cave Creek lielt and 
that by some error, the Canadian river segment of this belt was not 
placed upim the map in accirdnnco with the actual obaervation of 
Capt. Marcy, who crossed this portion of the belt in ISIH, during his 
expedition from Fort Smith to Santa Fe. It is impossible to say 
whether all of the southwestern localities of gypsum which he aacribcs 
to tbis l>elt are in the extension of the Cave Creek, as some of hie ob- 
servations may have related to one of the other southwestern gypsum 
horizons; and it seems more probable that he used the term "gypsum- 
belt" broadly for an elongate tract uf country in which gypsum was 
common, a use which would imply about the name stratigraphic range 
as is included in the Etouble Mountain beds of Mr. Cummins. The Up- 
per Red River map, however, shows clearly that the gypsum of Gypsum 
and Groesbeck creeks, in adjoining parts of Greer county, Oklahoma, 
and Hardeman county, Texas, which may be called Qiiunah f/yp.iutn, 
from the town of Quanah, near which it ia being utilized iu plaster- 
mills, was not included in the main part of Mercy's gypsum-belt, eince 
the latter, as repreaentcd on this map, is far to the west of gypsum 
creek and Mr. Cummins states that the Permiam of northern Texas 
dips to the northwest, a direction in which the surface of the country 
rises.* Whatever doubt may remain as to the relation of outlying parts 

•Overlfins the Quanali sypBum. aio luminBted dolomitpa, wliioh may b« oallod tlu> 
(iroetbccii dolomile; as tbey are well oxposod OD GrooeJ)eck creek, ia Hardsman 
cnnnty. 
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of thegyp3u;u b.'lt of Marcji's text to the Cave Creek formation, the 
portion indiiiated aa the "Great Bslt of Gypsum'" on hie ''Mbp of the 
Country on the Upper Bed River," and extending from the "Gypaum 
btuffe" and "Gypaum ttilla," on the North fork of Red river near tbe 
camps of June -Ird and jth, to thu Sjutb fork near the camps of July 
4th and 5th, l>eloaf^ to the Cave Creek, and the section of the bluffe on 
the North fork given by Dr. G. G. Shumnrd of Plate 5 of the Geology 
of the same rep':irt, shona that the formatioQ there haa ite typical tri- 
partite developmeut. 

Thb Doo Creek FoSMATioN.-The Dojj Creek formation peraiats 
and finds ^reat emphasis in Oklahoma, beln;^ more positive there in its 
character than in Kansae. and t.hiuker and more complex than the Cave 
Creek. In central Oklahoma it ii a great dolomite formation, lam- 
inated dolomites occupying a considerable part of ita thickness. It is 
well displayed at the eastern border of tbe Cimarron -North Canarlian 
Jack sands ot Blaine county, particularly ao in Chapman's amphithea- 
tre at the head of Salt creek, where it pcesonta a thickness ut apparent- 
ly not lesa than 100 feet. At this locality, a large body of light gray 
laminated dolomites forma its upper or Chapman member, ita middle 
and loner parts consisting chiefly of dull red ahales with lamina and 
one lamina-built amphitheatre ledge of dotomlte. The amphitheatre 
forma a eort of a terrace, or low aecoudary brow, below the middle nf 
the formation. At the Stony hills.* east of Watonga, the thickness of 
the Dog Creek ia at least equal to that shown at the head of Salt cr<«k 
and the bodies of thin -bedded to laminated dolomite are similar to tboee 
seen at that li>catity, though perhaps containing some thicker courses 
and developed more at the expeuae of the shale. Thus in central Okla- 
homa the Dog Creek formation differs strongly in character las in 
aouthern Kanana it does plainly, though less strikingly) from the forma- 
tions which precede and follow it in the Cimarron series. 

The Kiobr Division.— The latest observationa on the composition ot 
the Cimarron aeries show that tbe Kiger division should be restrictec) 
to Cimarron rocks higher than the Dog Creek. 

During my April trip some observations were made on outcroua of 
this division on the Canadian river, and through that of Septemlier. 
some detaila additional to those alre:idy published were obtained re- 
garding the western extension of Kiger rocks In the Beaver and Cimar- 
ron valleys. It isestimated that there are expoaed on tbe Canadian 
river, below the great bends, not less than 600 feet of rocks beionging 
to the Kiger; and westward, higher beds, partly concealed by Cretace- 
ous and Neocene rocks may add to this thickness an unknown u 
The exposed thickness of Kiger rocks on the Beaver river and i 



whv 



» unit is 



Barber county, cute chiefly b. 
vbicli tlie Barhur couaty Itici 



lilies for tbis dolomite For- 
or Barbercouuty. KBaM!<. 
AHecnud lathntaaoiher Dos croek iaOkinhoma. 
rolopinoDt of tho foriDatioa. Rkn Ibat Dna rm<k uf 
thnfrirmiition. A third is that tbe Stonr Hills show 
ik (bat iH aBpi!CiBll)'chBrnctnri3ticor tlie fnnnntion. 
doott not. The name ahonld perliape )vcbaa««l 



dbyGoo'^lc 



Corre»poH(lence. 

cesBor, the North Canadian, is more limited, and on tl 
still more so, in accordance with the general northward contraction of 
the Permian area of the Plains. On the north side ut the Ueaver the 
most westerly outcropa of the Kiger were seen in a bluff cut by this 
stream at Mr. John George'e place, about sis niilea west of Beaver 
City, and in a less conspicuous exposure some three miles east of the 
mouth of Sharp's creek. On the south aide, beginning with the red 
shales and plutn-puddiDg gypsum that I have previnusly reported on 
Clear creek,* outcrops of red and more ur Ipbb inuttled shales and sand- 
stones of this division were found on Home, Six- mile, Dugout, Wiltow, 
and Jackson creeks, and were reported touccur as far west ns Fulton 
creek, four miles west ot FultoD post-office. On Jackson creek the beds 
of the Kiger present strong dips, a feature common in the Red Bluff 
formation of Clark county, Kansas, and one upon the possible causes 
of which I have elsewhere commented. In one left-aide exposure a 
mile or two above the mouth of the creek, I measured a southerly dip 
of 28 decrees, in another, about a quarter of a mile farther up the creek, 
this southerly dip linda its complement in a northerly one somewhat 
toss flt^ep. The summit of the syncline thus indicated is concealed by 
Neocene deposits. Anticline-like undulations are seen in a larger right- 
hand bank of the red rocks still farther up the creek, just below the 
Hot h well -Boyd mail road. The Kiger rocks there are also more or less 
fractured, and the fissures are partly filled with seams and nests of 
limpid calcite, 

I first observed these Beaver county redlM>ds and their included gyp- 
sum on Clear creek, a short distance southeast of Beaver City, in 1890. 
I briefly noticed theoi in 1991 in my paper, "On a Leaf-bearing Terrane 
in the Iioup Fork," (American Geologist, vol. viii, p. 29,) where, in 
accordance with the view then prevailing, I referred them to the Triaa- 
sic, and again in "The Permian System in Kansas,*' where I recognized 
their Permian age and placed thera in the Cimarron series, but was un- 
certniti whether the gypsum should be referred to one ot those of the 
Cave Creek formation or to a higher horizon. The gypsum horizon 
seen on Clear creek is now known to be well up in the Kiger division 
and, from its occurrence near Beaver City and in the county and river- 
basin of Beaver, I propose to call it the Beaver gypsum. A thin band 
of gypsum which I recently observed on Home cretk and a six-foot bed 
which I failed to see, but which, according to Mr. J. J. li'ulkerson, out- 
crops on the south side of th» Beaver opposite Sharp'n creek, and a 
ledge on the west prong of Jackson creek, which Mr. Fulkerson states 
to be the most westerly gypsum that he has seen in the Beaver valley, 
may all l}elong to the horizon of the Beaver gypsum, though I cannot 
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, that none of these isuDyhigh- 
idee creek bed and the Beaver 
; structure hae been especially 
( the upper Bcries of the Permi- 
:urrence of dark and traospar- 
Dreek foriodtion od the Cimftr- 

soutcropatiDtervslsdnepdowo 
({ farthest up iJie latter oppo- 
>w Meade, where it forinB a low 
e valley. Theeo rocks undoubt- 
>r Meade at do very great deptb . 
> in Slick canyoD, a dry branch 
west of TaiDtor'e creek. This 
Uger that I have seen Id tbe 

,Dt of th.e Kiowa shales mittht 
ks OD the upper-middle part of 
is not the case. On this drain - 
ith fresh-water Neoceoe rocks 
, but which sometiitieB (as od 
louth of Gyp creek) consist of 
olored clays, there being an en- 
laQsas west of the interval be- 
observed, the covering of the 
irn part of Beaver county, Ok- 

the brow-rock, the entire body 
tingly called '-the Red bluffs'') 
, belongs to the Red Bluff for- 
ire above the North Canadian 
oper and the remainder in the 
ed Bluff formation as found in 
isas. .\t the Eed hilts the up- 
iiste of relatively firm red sand- 
lick, and locally charged with 
me of which have been set free 
of a peripheral layer and rattle 
a piece of the rock uontaining 

I part of Meade county, Kansas, 
does not show the bright red 
tion further eaetwiu^d; but this 
) bed of the creek, in one of the 
red sandstone so characteristic 
d Barber counties, 
9. Manifeetatious of this aro 
n the bed of Johns and other 
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□ear Cash City, aod of Crooked creek near Odee, and other 
la of th[B regioQ whern theground-wakr is in or in coiDmuniciitipn 
with the upper purt of the Bed Bluff, includiDg the great salt well near 
Meade, the poroue, sunken maas of whose floor undoubtedly reaches 
down to a contact with Red Bluff walla. Indeed, it ia not improbable that 
the cavity by whose collapse (in March 1879) thia "well" was produced, 
was in the Red Btuff foraiatioo and owed its eEiatenc-e to the action of 
eubtBrranean waters which literally mined the saliferoua shale, disaolv- 
ing the aalt, and (ainco the buoyancy, and so the transporting power, of 
brine is greater that of fresh water) probably carrying off with the brine 
miautepjirticles of the abate itaslf^andit aeema probable that St. Ja- 
cob's well and the other "drops" in Little and Big baaiDaaod in Coman- 
che county have been formed in a similar manner.* 

The D*if Ckkee Dolomite. — In the western part of Clark and in 
Meade county, Kanaas, the Day Creek formation loses its typical char- 
acter. It i.^ there represented by a band of greenish-gray to red and 
gray sandstone with oecaaiunal streaks of dolomite. This band is not 
always well differentiated and la often concealed by talus, but appears 
aa a aoft greenish-gray sandatone, twenty-five feet below the Big Basin 
aaodatone, in a deep right-hand canyon of Big Sandy creek (containing 
a row of dugouts and a well) a little below the junction of Big Sandy 
and Gyp creeks. On Two-mile creek, farther SDuthweet, it appears aa 
a two-foot bod of red and gray sandstone aimilar to the Big Basin sitnd- 
etone and at the same diatance below it. At Odee post-office, in Meade 
county, a thin local ledge of reddiah-gray, pisolitic and stalagmi tic -ap- 
pearing rock outcropping in a left-hand ravine of Crooked creek north- 
east of tbe house of Mr. Petefish, is apparently not far from the horizon 
of the Day Creek, and may possibly represent it in that quarter: but 
such an identification is very doubtful, and the true position of this 
ledge will require mure exact observations than any I have yet had op- 
portunity to make. 

From this Iobs of typical character which befalls it in the most west- 
erly outcrops of the Kiger division in Kansas and from its moderate 
thickness, one might be ready to infer that the Day Creek is an unim- 
portant formation. Such a conclusion would bo erroneoua. aa the ex- 
tent of thia dolomite in eaaentially ita typical phase is very much greater 
in the general southwesterly course of the Cimarron outcrops than east 
and west, and it is probable that the horizon of its modified western ei- 
teoaion in southern Kansas can usually, if not always, be identified 
where its position iseiposed and where due care iaexercised in the ob- 
servations. The brow of the Bed hills near Watonga, Oklahoma, is 
coped with the Day Creek dolomite, which there presents itself as a com- 
pact stratum of gray, somewhat pinkiah or redd iah- tinged, cherty-hard 
rock, little different from the typical ledge that skirts the flanks of 
Mount Lookout in Clark county, Kansas. The stratum has a thickness 
of three feet. How far the Day Creek dolomite can be traced be- 



•Droi»or8iiili-lioles,a 
Kypaum is usooJlir "in ev 



3 alao tormod by the collapsins of g/psum-cavoi, b 



tthe 



dbyGoot^Ie 



mirican Geuloi/isC. May. law 

leral aouthwo3tward rant^ of the Cimar- 
a: but from the summit ot these hills the 
Iges of itfl siuuoue outcrop southward till 
le general landecape. 

—On Two-mile creek and other parta of the 
3 adjoiniDg parte of Meade aod Clark coud- 
ehale scarcely differs from the rocks uf the 
lOve the Big Baaln aandstone. This sand- 
tDeaa aa far west as Johns creek, od tbe 
the highest bed of the Kiger in nome fort;'- 
I appears io a bluS about a miit> »i>iitheaet 
lente a tripartite color-phase, its eight to 
ig mostly red, but about two feet at the 
the BULiiinit being gray. West of Johns 
»rs in a left aide bluff of lower Gyp ijreek, 
I gray zone developed as quarry -rock, the 
!. Several of the buildings of Englewood 
ide from tbe Big Basin anndstone of Gyp 
the gray color. Od the west side ot Big 
tioD with Gyp creek, the thickness of this 
Bn feet, and on the south aide of Two-mile 
poses a few score feet of Kiger roclta, it is 

ho hour of my visit to the red hills of Blaine 
ifflced only for the examinatioa of their 
jcks which succeed the Day Creek dolo 
itward were not observed closely enough to 

their character. But rocka belonging to 
)' shale and Big Basin sandatone and, far- 
ming to still higher horizons of the Kiger 

summit of these hills. 

Hackberry shale and Big Basin sandstone 
istdoubttul, while observations made south - 

South Canadian river, in D county reveal a 
;k8 aljovo the Day Creek dolomi(«, in this 
s reason a threefold parting of tbe Kiger 
f practicable one. if We restrict this divisioD 
an the Dog Creek. Thus the formations ot 
: the lowest, or Rt«l Bluff; the middle, or 
, or Taloga: tbe latter named after the town 
County, Oklahoma, being here proposed to 
IS above the Day Creek. 
1, aome ot the red rocka ot the Taloga pre- 
ance to those ot the Red Bluff formation 
eastern part of Barber county, Kansaa, hav- 
tenaely red color, and giving rise to the same 
LhiB articlo iB the laMr location ot tlw town. It is 
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peculiar soft and loamy and "brk-k-dust" soils. nhich there character- 
ize the liitter formntiuQ. Oa\y two horizoDB of the Talo^a observed in 
that part of Oklahoma nc^d here be eepf-cially designated. These are 
both of ^psuin of poor qualit;, and belong to the bluffs that rise on 
the south side of the Canadiaa river, in "D" county, in view from the 
post- a nice of Butte. One of these appears iu the brov of the bluffs. 
about 1 S50 'between 215 and 285| feet above the river, and has a thick- 
ness of n or 4 f(tBt. The other, mui^h mure limited in horizontal extent, 
occupies a position 93 or 200 fe?t lower, and has a thickoess of only a 
foot or two. but is underlain irith 1 or 5 feet uf red gypsum-clay. They 
miiy be called respectively the Onf Horte and the Old Crow gypsvtu af- 
ter the two forda of the Canadian river which (after Indians reaident 
near them) are known hh the "Oii-y Rome crossing" and the ^-OldCrow 
tros^ing," the upper bed being named from the uppwr ford,— One Horse 
—and the l^wer from the lower. The One Horse boriion has been fol- 
lowed for only a short distance, but Is probably a horizon in the sense 
of H stratigraphic level in which gypsum is continuous or recurrent 
within a considerable ext^'nt of outcrop. The Old Crow gypsum appears 
to be only a BTnall lens. It is not yet haovrn whether either of these 
gypsum l>ed8 may approximately correapond in position with the Beaver 
gypsurn of Beaver county, as the elevations all above the base of the 
Kiger, are unknown. That all three horizons are in the Kiger division, 
and that those of "D'' county are well up in the Taloga formation, is all 
that can now be considered certain; but there are some consideratioua 
that seem to indicate a lower position for the Beaver. 

Id closing, I present in tabular form what, in the light of these new 
and all earlier observations, seems to be the most broadly adaptable 
F THE KOC8S OF THE (^lUABBON SSRIES. 



Taitiga. 
Day Creek. 
Red Bluff. 



Siibformaiicnt . 
Quite variable with 
locality. 

None determined. 



Colorado Springs. 



siAe III the Upo localit)'. 



Cave Civek. 
Olaas Mountain. 
Kiiigjixher. 



Shimer gypsum. 
Jenkins clay. 
Medicine Lodge gypsum 
Flower-pot shales. 
*Cedar Hills sand stone. 
Salt Plain. 

F. W. Cbaoib. 

II be elearli rveuiniiiablc out- 
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PERSONAL AND SCIENTIFIC NEWS. 



Mr. T. a. Rickard, mining engineer and pietallurgint, of 
Denver, has been reuppointed, by Gov. Adam», State Geologist 
iif Colorado for a second term. 

Dr. Williau John Sollah, F. K. S., professor of geology 
in tile University of Dublin, has been elected to the chair of 
geology at O.tford, which rfas held by the late Prof. Green. 

Prof. A. Lackoix of Paris reports an abundance of law- 
nonite as a constituent of saussiirite gabbros and certain 
glaucuphane schists of Corsica. He will present a note on 
this 'subject in the next {No, 8 of vol. 20) Bulletin of the 
French Society of Mineralogy. 

The Pennsti.vania State College has erected on its 
grounds a "geological polylith" composed of a large number 
of blocks of the various building stones of the gfate. The 
monument is intended to exhibit these building stones and to 
furnish a means of noting the effects of the atmosphere on 
them. Thin fections and analyses of the various stones are 
preserved for reference. 

At a meeting held April 13 the Academy of Natural 
Sciences of Philadelphia conferred the Hayden Memorial 
Award for 1897, consisting of a bronze medal and the interest 
of the special endowment fund, on Prof. A. Karpinski, the 
chief of the geological survey of Russia, in recognition of 
the value of his contributions to geological and paleontolog- 
ical science. 

Within the past month American geology has suffered the 
loss by death of two workers, Dr. Jos. F. James, at Hinghum, 
Mass., March 29, and Prof, Edward D. Cope, who died April 
12th at Philadelphia, Penn. The former was known for his 
numerous contributions to the geological literature of the 
country, and the latter for his contributions to the vertebrate 
paleontology of America, as well as the long-time editor-in- 
chief of the American NnliiraUiit. Appropriate sketches of 
these geologists will be given in future numbers' of thie 
Journal, 

Dr. Charles R. Keyes informs us that as evidence of its 
appreciation of the work of the Missouri Geological Survey the 
General Assembly of that State recently passed the bill provid- 
ing for the support of the bureau without a dissenting vote in 
either house. Inasmuch as this was the oniy bill carrying an 
appropriation that was not cut either in committee or on the 
floor of the houses, the inference is clear that at least one State 
legislature, even in troublesome and depressing times when the 
spirit of "retrenchment and reform" is abroad, did not con- 
sider that the geological survey was a place wherein it would 
be possible to legitimately economize, or that a survey is a 
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luxury tlial a StHCt' may wvW do without. This action is in 
marked eontrasl iritli that cif some legislatures that liuve been 
in Bession this winter. 

The Acaubmv or Science op St. Locie. Meetingnn March 
16, ISflT. President Gray in the chair, present alftu thirty-five 
iuen)bers and guests. A portrait of Dr. Enno Sander, who for 
the past thirty-tlve years has .served uninterruptedly us 
it« treasurer, was presented t<i the Academy. Dr. Hambach 
spoke entertainingly and instructively on what a geologist 
may find of interest about St, Louis, exhibiting specimens of 
the principal fossils and minerals characteristic of the local 
deposits, uikI inilie.iiting the best localities for the colleelion 
of certain jipeeimens. William Trklease, Secretary. 

At the meeling held on the 19th of April, Dr. C. Barck de- 
livered an address on Helmholtz — his life and work: and Dr. 
C. R. Keyes, the State Geologist of Missouri, presented papers 
on the relations of the Devonian and Carboniferous systems 
of the upper Mississippi basin, and the distribution of the Mis- 
souri coals. 

The ('alifokma' Academy of Sciences has adopted a new 
method of publication. Heretofore three publications, — Pro- 
ceedings, Memoirs and Occasional Papers, — have been issued, 
but hereafter the Meiiioirw will be discontinued and the Occa- 
sional Papers will be retained for the publication of extensive 
monograplis at such times as they may be presented and the 
funds of the Academy will permit. The Proceedings will 
be retained and the new series (the third) wilt be issued in 
wholly independent divisions, each devoted to a single science 
ortoa group of very closely related sciences. The divisions 
already established are for geology, for botany and for zoolo- 
gy, and it is probable that a mathematico-physicai division 
will be added shortly and others as required. No. 1 of the ge- 
ological division ("The geology of Santa Catalina island" by 
W. S. T. Smith) has already been issued. The divisions of 
the Proceedings will be formed into volumes of generally 400 
to 500 royat octavo pages. The subscription to the geologi- 
cal volume is %\.0(i. which should be sent to .1. O'R. Gunn, 
Corresponding Sec'y, Oal. Acad. Sei., San Francisco. 

Reception to Sik Aicchibald Geikie. A meeting of the N, 
Y. Acadeniy of Sciences, section of geology was devoted to a 
reception of the whole Academy to Sir Archibald Geikie, 
director-general of H. M. geological survey <)f Great Britain, 
who has jiJst returned to this country for a brief visit after 
an absence of eighteen years. After an informal reception 
the meeting was called to order and addressed briefly by the 
president of the Academy, Prof. J. J. Stevensiin, who extended 
a most hearty welcome from the scientists of New York to the 
guest of the evening. Prof. Stevenson was followed by Prof, 
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J. F. Kemp, the chairman of the section, wtio reviewed in ii 
few words the greater uontributinne of Sir Archibald (ioikie 
to the CHtiMe of geology. He spoke of his early work in Sl-ih- 
hind, in France and in the westurn United States in the study 
of viik-unisin, and paid particular attention to tlie work tliat 
had been done in Scotland on the toetamorptiie roeks. Prof. 
Kemp eoncluded with a tribute to Sir Archibald uk a natural- 
ist and spoke of the superior quality of wi)rk tliat ic given 
the world by the man who is in love with nature and finds in 
the solitude of the wildnefa of nature hi? greiilcst company 
and inspii'ution. 

The next speaker wus the secretary of the stctton who 
spoke particularly of the work of Sir Archibald Geikie a^ 
looked at from the standpoint of the teacher and physiogrn- 
pher. He reviewed hastily the character and quality of 
Geikie's text book and class book of geology and spoke mort^ 
especially of the example this distinguished geologist has set 
in physiography in the masterly analysis of the physical fea- 
tures of Scotland given in his Scenery of Scotland. 

The last address was given by Prof. A-ngelo Heilprin of 
Philadelphia who spoke as a traveler and contrasted the 
knowledge of the geology of the world now with our knowl- 
edge at the time of Humboldt. He spoke of how much we 
owed to the guest we were welcoming for his work in bringing 
together the shreds of knowledge from all parts of the world 
and in building up a great mass of geological information, 
which is a vast help to all workers in geology and a stimulus 
to all. 

In reply Sir Archibald Geikie expressed his thanks to the 
Academy for the very cordial reception that had been tend- 
ered him in New York. He contrasted the appearance of the 
city eighteen years ago and now and spoke of the great growth 
of the city vertically as well as horizontally. He paid a brief 
tribute to hie friends of hie former visit, particularly New- 
berry, Leidy, Dana, Cope and Hayden, whose help and good 
will have ever been a great inspiration to him. 

In reviewing the work of world wide reputation that the 
American geologists are pmducing Sir Archibald Geikie paid 
a warm tribute to their industry, their perseverance, their 
breadth and to their scientific aciitenesB. He contra'sted in a 
very favorable way to the United States the policy of the 
British and United StatesGovernmentsin regard to the print- 
ing, publishing and distribution of government reports. 

After these brief flddrepses an opportunity' was given for 
meeting the guest of the evening; for perscmal and social 
meetings among the members of the Academy and for greet- 
ing the guests from a distance, inchidingseveral well known 
geologists. Richard E. Dodge, Secretary. 
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EVIDENCE OF CURRENT ACTION IN THE 
ORDOVICIAN OF NEW YORK. 

By R. Hdbdbhamn Ph. D., BolgeTiUe, N. Y. 
Plate XIII. 
The remarkable parallt-l arrangement of the rhabdosomeBi 
of graptiilites. EpieiileR of sponges, fmgments of bryozd&ns 
ana shMs oi Endoceras proteXforme in the Utica ehaJe near 
Dolgeville, N. Y., lias been noticed by the writer ever since he 
has- studied thia ternine, but it was not given »ny special at- 
tention, as it was supposed to be due only to local and chang- 
ing movements of the wuter. The observation, however, that 
these fosails. through a whole series of beds of shale and in- 
tercalated limestone, pointed appurently in the same direction 
suggested the tentative measuring of the directions of the 
fossils in this series, which examination gave the result that 
all pointed nearly in the same direction, viz. JF. ..V. E. It was 
soon found that this direction is kept in all shales exposed in 
the neighborhood of Dolgeville. This again suggested that 
the phenomenon might be of more than local importance. 
The writer, therefore, made excursions to the exposures of the 
Utica shale in the Mohawk and Black River valleys. The re- 
sults of these excursions are seen in the submitted tables, 
which show that those shells which can be easily displaced by 
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moving wiiter, show h general K. N. E.-W. S. W. benring in 
the Utica ehale of the Moliawk valley* 



evtio 



nJirH c 



e of Knst Canada Creek, i 



' Dolgemlle. 



The rouk is thin-bedded ^hale and slat^ with occasional in- 
tercalations of thin calcareous bands. 

1- Four la);era of shale, with crinoid joints, sponge apicules, apeci- 
luene oF CU}iuu!ograptiis hiennih aod a few Endoceras sheila. Bearing 
iif nil, N. TO degrees E. The apices of the Eitdoceraa sheila point E. 

3. Above a layer covered with fragments of Triarlhrus, all dirpcted 
N. 60 degrees E, 

Fourt^-eo surfaces of shale exposed, with epi)nge spicules, Diptograp 
fnspristin and EndocernK. Bearing, N. 60-70 degrees E. Graptolites 
point E. with the sicular Bn<ls and Endocraa shells with tbe apices. 

Bank of limestone Iwitbout fossils). 

3. Shale with fragiuenta of Triai-thnm, all directed N. 50-70 degrees 
E., giving the slabs a furrowed appearance. 

Eight surfaces with prevailing sponge spicules, a few DiplograplUK 
[» and Eiidoceras, all pointing N. 50-70 degrees E. Apices of fc'ti- 






sE. 



Layer with aponge apicules and numerous rhabdoeomea of CHmaco- 
yraptiia bwornis. Bearing, N, 65 degrees E. Bicular ends of most 
stipes west. 

Calcareous bank, without fossils. 

1. Eight layers with nmuerous apecimena of Eniioeeras. Bearing, 
N. 70 degrees E. Apices E, 

Layer with trilohite fragments, numerous specimens of CUiiiiicograii- 
tiiA and some Endoceras shells. Bearing, N. 50-60 degrees E. 

Layer with Climacograptut bifornis. No direction. 

Layer with Climacograptus and Endoceras. Bearing, N. 70 d^reps 
E. Fourteen shells of Enditr^rax were counted pointing east, two west- 
Apices of Climticuijroplns in bi>th directions. 

Numerous layers with Diptograptw' priniis and Climiiciigi-aptuit. 
Bearing, N. t50-7O E. Sicular ends mostly west. 

Calcareous bed, without fossils. 

f). Four layers full of sponge apicules. Bearing, N. 80 degrees E. 

♦It is to be remarked that layers which yielded no fossils at all or on- 
ly Hingle specimens of the displaceahle fossils have not been mentioned: 
further that among the given bearings are certain ones to which the 
fossils are almost malhematically parallel (especially in certain layers 
near Dolgeville and on Otst^uago crcekl. while in other layers there is 
only a general, though distinct tendency to arrangement in a certain 
diri'Ction. In the latter case the limits of the directions have been 
given. It is evident that the differences in the regularity- of the ar- 
rangement are due to differencen in the velocity of the moving water. 

The approximate value of 10 degrees for the present western maf;- 
nctic declination of the needle in the middle Mohawk valley bas been 
used for the correction of the readings. 
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Bed with prevailiog apiculee. aonie sbelle of Eitdoeertu and Clirna- 
eogfaptus, gathered in patehee. Beuriag, N. 50 degrees £. 
Calcareous bed. 

6. Many layers denxely covered with fraKments oF Triarthrui. Bear- 
ing, due eitit. 

Two beds with CUnuieoyraplax. Bearing, due eaitt. Sicular ends, W. 

Layer with 7Viar(yiriiM fragments, Cliiiiacogriiptim and Endiirriitii. 
Bearing, N,. TO degrees east. Apices ot Endorerax and sioular endn of 
aiimuconraiduK E. (14 fJiidocemi shells E., none W.J 

Layer with the same foRxils, but 8A'/idocernit W., 3 E. The numer- 
ous sponge spicules nnd Eit'liKeran shells iu this layer tire directitl N. 
70 degrees E., H'bile the rhalKloiHinies cif the graptolitea are parallel to 
N. 15 degrees E. The appearance ot tbie layer, which is exposed <iver 
a Inrge surface, suggests the directing action of two euucesiiive motions 
of water of different etrength. 

Layer with BiidwemK and CliniaeogrtipUnt. Bearing, N. 70 degrees 
E. The apices of the £.'ii(iiK-c™ii shells point east (41E.,3W.j; those 
r)f Ctimiivoyniptus in both djrectiune. 

Numerous layers with tribbite fragroents and rhabdosoiiiee of Cli- 
macogruptuK. Bearing, N. 8i> degrees £. Sicular ends in both direc- 

Layer with spicules, N. 85 degrees E. 

Numerous layers with trilobite fragments. Bearing, N. 85 degrees E. 

Layers with rridcCirim fragments, spicules and long dritt-ridges of 
fragments of Diplograptus priKtis and Linguln. Bearing, N. 80 degrees 
E. 

Layer with Bpleulee and shells of EniioMnm. No distinct direi'tiun. 

Bed of calcareous shale. This bed is covered with projections, each 
consisting of around nucleus from which proceeds a gradually brond- 
puing and flattening ridge. The bearing ot these ridges is N. 80-90cle- 
grees E., the nuclei being towards the east. The latter generally 
contain some small fossil, usually a gasteropod. It is evident that the 
ridges result from the deposition of fine calcareous mud l)ehind the 
sbells, and, therefore, allow t be inference that the water came from 
N. 80-90 degrees E. 

7. Nuuieroun layers with 8|Hinge aptcules. Bearing. N. 60 degrees E. 
Layer with furrows, as frinn flowing mud, running N. CO degrees E.- 

S. 60 degrees W. 

L«yer with Tritirthnm fragments, crinoid joints, and sponge spicules. 
Bearing N. (10 degrees E. 

Eight layers with sponge spicules and rhabdosimies of Vtimiteiiyrap- 
lux. Bearing, N. 70 degrees E. 

Layer with Climacogmplnii bicomis and Eiuloceran. Hearing, N. OS 
degrees E. ApicTS of EndiM-rnis shells E. 

Five sponge lieds. Bearing, N. 75 degrees E. 

Two las'ers with Triiiiihrun fragments and EiuIih^ituii shells, flear- 
ing, N. 80 degrees E. .411 Eitdofernn shells point E. 

Six sponge beds, Bearing, N. .M 70 degrees E. 



,, Google 



370 The American Oeologinl. June, ittn 

Liaj'er with THurlhrut fragiueDtB nnd spicules. Beariog, N. 60 de- 

Oalcareousbed. 

8. Layer with trilobite frttgmcnte. No dire<;tioa. 

Layer with IHplogTapiun priatix. Bearing. N. 60-70 degrees E. 
Numerous layers with £ncIo«erasBholIs. BettriDg, N. 55-65 degrees 
E. All point east except id one layer where 5 point west and i east. 

9. Layer with trilobite fragments, rhnbdoeonies of graptolitcs and 
I'astB of Trochoiieiiiit. Behind the latter there are drift liceB of fnig- 
nients and before them lie fossils in a transverse jmeition, as if arrested 
while drifting. The motion of the water must here have been quite 
strong, US the slabB appear furrowed in a piirallel manner by the fossils. 
Beiiring, N. 62 degreee E. Urift-Iises extend towards S. C2 degrees W. 

I^ayer with EuducetaK. Bearing, N. (i!j-70 degrees E. Two were seen 
to point east, none west. Behind the End<ic(iraa shells, towards the 
west, drift'lineB of trilobile fragments, etc., are found. 

Layer with Endimeran. Benring, N. 70 degieea E, 

Calcareous bed, contaioB aome complete apecimens of TrtarlliruH 
lieeki, while in the shale only dislocated fragments are met with. This 
difference in the preservation is probably due to the different velocity 
of the depoeiting water, the calcareous mud being a still-water deposit. 

10. Three layers with Diplfgraplui imHtin. Bearing, N. 60 degrees 
E. Siculnr ends point both ways. 

Layer with Endoeeran. Bearing N. 75 degrees E. 6 point east. 2 

Layer with IMplograptus prialig. Bearing, N. 70-80 degrees E. 

Layur with fragments of Trxartkruit and scattered rhabdosomes, ar- 
ranged in a general easterly direction, but not so strictly as to approach 
puraltelism of the fossils. 

Layer with numerous lai>;e EtidoceraK alietlB. Bearing. N. 35 degrees 
E. 36 pointing east, 2 weBi. 

ij'iiyer with many rhabdri^om^'s of Diphgi'iiptim pn'ulh arrange<l in 
lung drift-lineH running N. 80 degrees E,. while many ntipce outside of 
till' drift lines point in various directions. 

Below a great many layers with outcro[it( too narrow to give sufficient 
evidence. The rhalidnsomeB observed show an i-at>terly directiun. 

Calcareous bed. 

11. Three layers densely covered and parallel striated by specimens 
of Dipliigraplnn pristin and Entlovi'mii. Bearing, N. 70-73 degrees E. 
Apices of the foBStla eastward. 

Layer with DipUigriiptux prinliM. Bearing, N. 80 degrees E. Apices 

Ijayer completely furrowed by rhabdosomes of Diiiliyriiptim pri»lis. 
Bearing. N. 80-90 degrees E. 

Tjayer espooed with lar^e surface, on the whole of which the direction 
of the rhabdosomes shows no change. Bearing. N. 70 degrees E. 

Layer with shells of Emloceras. Bearing, N. 6.'i degrees E. Four 
point east, none west. 



dbyGoo'^lc 



Cvrrevt Action in t/ie Ordoeician. — Ruedemnnu. 371 

Three Uypni with mod-flon-- structure ahd rhabdosoiueB of Dipto- 
yraptus. Bearing, N. 75 deiin^ea E. Apicea or sicular eDila point east. 

Two layers with Diplographu jiristiH. Beariog, N. TOdei^ees E. 

Iiayer with mud flow aod Endoeeraii. Bearing, N. 77 E. Nine En- 
•locerat ahells point east, cone wcet. 

Two layers with Emloceraf, all point N. 60 E. Behind the apertures 
ot the shells are piled up smaller Bhells of Endocenu, fcasteropods and 
iirachiopoda. 

Layer full of shells uf Eitdoceran. all exactly parallel in N. (vt d^n'ees 
E. direction, the apices tteingeast. The Bhelloare arranged in rifws an<) 
connecttvl with long mud ridges SKtending from the sheila towards the 
southwest. 

Layer with E'ldmifntu shellB, 2 S. W., 4 in differing directions. 

Layer with rhnbdoaiioiea at Diptogrnptu*; no direction. 

Lnyer with spicules of spoagea, Emli>eefaa and Bmnll brachloptid 
shells, (thfi latter with their beaks toward east). Bearing, N, 65 70 de- 
Ifrees E. G Endwrriu shells pointing east, none west. 

Calcareous bank. 

12. S?vO!i Feet of shale, containing: Layer with Diplograpliit, Endo- 
fei-ag and spicules. Bearing, N. 76 degreea E. Tenahells of EndoceriiH 
piiiat east, one west. Apices of graptolites point eaat. 

Seven layers striated by parallel spicules: besides numeruus grnpto- 
lltee and aoam shells of Endocerwi. Bearing, N. 65-70 degrees E, Sbetle 
of Endoeeraii point eaat. 

Layer with spicules and Endorertu, the latter lying N. 30 degrees E, 
and € pointing west, 1 e^ist. The aponge spicules, however, show in 
some places the same direction. Id another place their bearing is N. GO 
to 70 E., and in other places they lie in all directions. There was, there- 
fore, apparently no general equal motion of the water or the flow was sti 
nlow that it bod no constant directiug influence. 

Two layers with Endm-eviuitifnniM surface only fixposedl. Bearing, 
N. T0-80 degrees E. 8 point east. 2 west. 

Layer with Endnfura^. Thirteen specimens arranged in N. 50-80 de- 
green E. dire(^tii>n, 4 others under right angles to these directions. The 
lipi'^>3 of 12 of the former specimens ar^ directeil toward west. As the 
4 specimena with varying directions show, there was no constant direct- 
ing, or a very weali directing force. 

Layer mtb Eiid/ievnts. Bearing, N. 80 degrees E. Seven directed 
eastward, none westward. 

Three layers of Eiulucri-at. Bearing N. 80 degrees E. Two point 
west, mxeast. 

The average of the bearini^t^ observeti in this whole Bection 
which corapritiea some twenty-four feet of shale, is N. (18 de- 
grees E.. or tt direction falling near E. N. E. 

Continuous with this exposure is another one iu the over- 
lying rofjk. A few layers of the latter are exposed over a 
large surfaue and show distiuirtly the parallel direction of the 



dbyGoot^Ie 



872 The Americini Geofofjisl. Jdqb.wk 

iiuraeroua shells of Kndocer'ts which thej contnin. The hear- 
ing is N. 60-80 degrees E. and the apices lie towards the east. 
On the tumulus, slabs with well-preserved rhabdosoraes and 
whole colonies of Diplogrnplua prhtis are found. The rhab- 
dosouies point in all direetione, in accordance with the obser- 
vation made in other localities, thpt, wherever colonial stocks 
are preserved, the water was not in fust motion during the de- 
position of tile sediment. 

Following the creek along the left bank over the " Higli 
falls" we meet with the exposure which furnished the rJiab- 
dosomes and eolonies of Diplograptits rtiedenianiii* and the 
sessile specimens of Coiiularia gracilis.^ The shales are here, 
on account of a dyke which approaches the creek from east, 
in too steep a position to furnish conclusive readings of the 
directions of the numerous graptolites. Yet the locality is of 
great importance because it exhibits large surfaces complete- 
ly covered with the parallel arranged small rhabdosoioes of 
the above mentioned graptolite. The continued action of the 
directing force during the deposition of many layers is, there- 
fore, here more strikingly exhibited than anywhere else." The 
most important layers are the following: 

Layer of shale with numerous broken fragments of a bryozoan [Stic- 
loporella), all parallel. 

Layer with coloniee ot I>. ru£demanni, no direction. 

Two layers, densely covered with rhftbdoeomes of 1>. riiedemaiini, all 
parallel and pointing east with the sicular ends. 

lAyer with fragioenta of trilobitea and bryozoana and shells of Emlii- 
. ceraa. Parallel arranguiuent, the apices ot th<:< Eiuififenm shells point- 
ing eaat. 

Layer with rhabiloeomeB of D. ntedenuinni in great multitudes; all 
. -Sicular ends point east. 

The fossils in these layers all show the same direction, 
which, under the supposition that, the strata have only been 
tilted and not twisted, is in the neighborhood of E. N. E. 

It is worth mentioning that in the same locality, a little 
higher in the series of interstra tilled shales and limestone 
banks, a layer is exposed which shows the rhabdosomes of />. 
ruedcmanii pointing west, instead of east, as in the other 
layers. The direction is N. 40-60 degrees W. As the ex- 

•Cf. Araer. Jour. Sci., 188j, p. 453; Jour, of Geology, 1896, p. 307- 
tAK. Geol,, 1896, vol. XVII, p. 150, and vol. xviii, p. 65. 
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posed Hurface ii» only ^idhII (53 graptolitex hnvc been counted) 
it could not be ascertained whetber this opposite dow of the 
water was of wide extent (ir only the repult of u small lociil 
eddy. 

Farther down the creek, in the gorge below the High falls, 
some 80 feet of shale ant exposed, only the lower part of 
which is uccewsible. This an well as the numerous other expoi^- 
iires of Utica shale along the creek, is instructive on ac- 
count of the regular alternaliAn of shales and banks of 
limestone which it exhibits. The readings which could be 
obtained in these exposures from the graptolites, bryozoanii 
and the mud flow structure, ranged between N, 60 degrees E. 
and N. KO degrees E. and gave as an average the E. N. E, 
direction, the bearings towards N. 611 degrees E. being the 
more common. 

'•fi'hit t'lUU" of Kiitl Cit)i<tdu ci-ee/r. 

Here the change of the Trenton limestone into the Utica shale is well 
exposed. The regular succession of limeHtonebanda and shales liecomes 
here still more apparent than above. The writer sees from his notes 
that he counted and measured, beginniDK From the typical Tren- 
ton limestone, 1*5 regular alternations. While, at the base of this series 
the intercalations of shale are still very thin (a few incheei, they increase 
in thickness towards the top. white the bands of limestone decrease at 
the same time. Together with thegradual change of the rouk, a char.fje 
in the fossils takes place. The Trenton limestone here is rich in very 
I ar^e, conical and branched specimens of Mtmticuliiiora lycopertton, 
fragments of IsoMitu gif/ax and Caigineiie aeiiaria as well as in the 
Trenton brachiopods, while some bands consist entirely of crinoid 
joints. M'mlifiih'iiiim shuns the first and most marked change, in be- 
coming smaller before disappearing, while the trilobites and brachio- 
pods disappear without apparent change. In the ninth intercalation of 
shale two specimens of Dipto(ii-aptiis j^tiWu were found, while Cain- 
iHeiie, Oi-thiK lenlHiUitaridand 3/oiificu/ijjnrn still continue in the su- 
perjacent limestone. At the 17th intercalation, the last specimens 
of MtiiUicuUiHira were noticed, and Oiljintenf alone continued further. 
The 51st intercalation of limestone consisted entirely of criooid joints. 
The shales in all these alternations up tu the 50tb, are almost barren, 
only an uccasiunai Diplogruptus prtaliH being met with. Then, heads 
of Triartlirun becki appear and soon become common in the shnle. while 
the limestone begins to contain the whole carapax of the same animal. 
The rhalidoBomes of Oiptograplua jiristtH, though met with in the 58th 
and 6(th stratum of shale dn the Istter also some specimens of Eiidore- 
fitx proleifonne and Traclioneiiui were observed) do not become c< 
until the ti9th stratum of shales, where they, however, show i 
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Id tht' T5th intercalation of shales DipUtgraptun niedemanni appears 
in great abumlaoce, togetber with a few apeciiuene of Endocerat pro- 
tei/orme. The bearing is N. 82 degrees E., and the apices ot tbe foesilf 
point eaBtivsrd. 

Above thii nhale, however, a layer of ahaly limcBtone appeam iinei- 
pet;tedly, which eonaiata largely of crinoid joints, fragmenta of Jiotelu* 
gigaH and the brauhiopods which apparently had disappeared far below. 
Tbe rock has the appearance of typical Trenton. The neit shale above 
abounds again in heads ot Triarlhrng. 

The 8l6t bed (if shale proved to be rich in THarthnis, Lingula, Sckiz- 
ocraitia, and Lfiterdilin. 

The S7th bed abounds in heads of Triarlht-ua and rbatido!>o(uea of 
Diphigraiiitts pristin. A few entire colonies of the same graptolite and 
young aad old epecinieos of Coiiulariii gracilig occur. Bearing, due 

The 90th bed is full of shells of /.ingu/ft and Lt'perdid'u arranged in 
long drift-lines, the latter running due east. 

The 92d tied of shales exhibits 16 surfaces, all covered with Di/itii- 
gniptunprialis. These fossils are arran|;ed in a due east direction on 
all surfaces, except three, which gave the readings N. TOd^^eea E., N. 
TO degrees £., N. 6o degrees E. 

The alternation of ehalee with Utica elate foBsiis andiunre 
or leas caloareous barren banks continues upward. That the 
shalj intercajntions also reach farther down into the Trenton 
than it might appear from the exposure at the "Flat falls" be- 
comes obvious in the quarry at Ingram's mill, from which N, H. 
Darton* reports eight feet of limestone with shaty intercala- 
tions, on top of the exposed series of rocks. 

The eoncUiBions which can be drawn from the observation of 
this alterniition of shales and calcareous layers in tbe lowest 
Utica shale is that there were, for a long time, changing con- 
ditions which caused the water in this region to be alternat- 
ingly clear and then again turbid and moving. It seoms also 
that the appearance of the turbid, moving water exterminat- 
ed gradually the clear water fauna of the Trenton and intro- 
duced new forms, more adapted to the muddy flow, 

A similar Beries of successive shaly and calcareous bed?' 
was observed by the writer above Harris' quarry which is near 
MiddteeiHe on the Wext C'nnada creek. The series, though 
not so well exposed as the above described one shows at least 
the occurrence of J)iplo<iraptus pristU in the shaly intercala- 
tions of the npper Trenton, 

*Rep. of the State Geol., 1893, p. ^. 
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The rhabdosotneB pointed in one layer N. 55 65 degrees £.; in another 
in directioDB in the neighborhood of N. 66 degrees £. 

A Htuall outcrop about a mile north of Doigeville deeerves to be njeii- 
tioned because the outcropping ehttlo belongs to a higher hoi'izon, in 
which the limestone tnt«rcalatioae of the lower Utica shale are ab- 

On top there are found numerous layers with DipUigraptu* pri»tiii. 
The foBBils are excellently parallel and lie in N. 65 degrees E. direction. 

Several layers with mud-flow structure occur below. The latter con- 
sists here in the prenence of elliptical projeetionB with a system of cres- 
ent-ehnped, transverse wrinkles on the enetern end. The whole indf- 
CBtes a flow of water from N. 86 degrees E. 

A layer with triloblte frngments. Beariag, N. 60- TO degrees E. 

A layer with Diplngraptun printia. Bearing, N. 60-70 degrees E, 

Eight layers densely covered with parallel fragments, especially 
pleura of Triarthms. Bearing N. 60 degrees E. 

layer with Diplograptun priflig. Bearing, due east. 

Layer with trilobite fragments. Bearing, N. 18 degrees £. 

Layer with Diplograptua pristis. Bearing, N. 50 degrees E. 

The average of the readings taktn in this exposure ib N. 83 
degrees E. 

After tlie above dencribed observations and others had 
Bhown tbnt throughout the series of ehaleii observable in the 
neighborhoodof Doigeville, there are indiostions of a constant 
E. N. E.-W. S.W. flow of the water which deposited the shale, 
the writer extended his obnervntions to other loeulities of 
Utiea shale in this part of tlie«itatc, ocrtisionally hIpo visiting 
the well known etratn outcrops of Hudson River shale nt 
Schodnck landing, Norman's kill, Cohoea and Woterford. 
None of the latter, however, were able to furnish any indica- 
tions of a motion of the depositing water, on account of the 
highly folded condition of the rocks. 

One exposure of Hudson River rocks deserves mention, that 
is at Sheftr'» Blue-stone Quarry near Schenectady, where some 
interesting indications as to the, water-flow in the Hudson 
River epoch could be obtained. Between the heavy banks of 
blue stone, intercalations of a black shining shale occur, 
which are characterised by a very distinct mud-flow struc- 
ture. Whitfield* described the same as follows: "One pe- 
culiar feature • • • is the appearance as of flowing mud 
suddenly fixed and hardened on the harder layers, the old de- 
pression between the folds being filled with fine mud shale 

•Wheeler Exp. Weet of the 100th Mer., iv. Pt. 1, Pal; p. 19. 
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Farther up appear shales with Diplograptug prixtis, arranged in a N. 
SOdegreeaE. directioD. 

Another exposed layer ahowed the aanje Foeeils arranged in two direi;- 
tiona, viz: N. 80 deffrees E., and 8. 80 degrees east, indicating a change 
o[ 20 degrees in the direction o( the flow. 

Then ft seriee of 19 layers was observed, which were densely covered 
with graptolitca. The geoeral lienring was N. 80 degrees £. 

Near the falls two laj'ers were found to be striated with specimens of 
Diplograpl an print ix in n due west direction, and above the falls two 
layers with the aame fosaila, pointin;; S. 80 degrees E. 

Farther up the writer met with layers containing rhabdoeoniee of 
iJUmacoyriiptun typicalis arrangt'd in a N. 50 dcgriiesE. direction, and 
a flow structure, indicating a flow from N. 80 degrees E. 

The nvernge bfsring of thf graptolites along tlie Flat crfek 
is N. 80 degrees E. 

In the beHutifiil gulf of the Couajoharie r.rtek one parses 
Ut first over Trenton limestone with wide and huge ripple- 
marks. In the shale, raiiny long piirallel drift-lines of fiissils, 
one of which measured over seven feet, were first ndliced. 
The direction of the drift-lines indicates a Sow from due 
east. 

Farther op a layer with numerous specimens of Climaaigraplas typi- 
enlia in a N. 80 degrees E. direction appeared,. then drift-lines of trilo- 
bite tragmentH, brachiopod shells, etc., indicating a flow from N. 50 de- 
grees B., overlaid by layers with flow structure towards due west. 

Then two layers striated with Cliiiiacograpliiii, bearing N. 80 degi'eea 
E., and two layers with the same fossils in N. TO degrees E. direction. 

Farther up only one more layer with graptolites came to notice and 
the fossils in it showed no arrangement at all. 

The average direction of the n.HwilKis also here, as iil Sprn- 
ker's, N. 80 degrees east. 

In the bed of the OlsquHijo creek near Fort Ftaiii, belnw 
the old cheese factory, layers of Utii-a fihule were found, with 
apeciniens of Climf'co'jrtip/iis and Endocerti*, the bearing be- 
ing N. BO-80 degrees E. 

In a small eiposure, on the right bank, above the factory, layers full 
of Ifiplograptus pristis vere tiiUDd. The graptolites were mostly de- 
posited in drift lines about one foot long and indicate a flow from N. 70 
degrees E. 

Farther up, in the bed of the creek, widely exposed, layers were ob' 
served which are densely covered with rhabdosonies of Diptoyraptua 
prixtin hardly varying from N. GO degrees E., while another layer above 
showed no general direction, but hadt^uitua number of rhabdosomea 
directed toward the southeast. 
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weaker, 3d— that the geaeral directioD ia not, as ia the other ex- 
poHures, aoDiewhat Dorth of eaat, but a little (about 10 degrees) south 

Other ezpoeurea of lower Uticn ehale were found along "Mne Aft'fe 
cretk" from Bouth TrentoD to Holland Patent. In a ainall exposure in 
the village of South Trenton, some lajrere covered with partillel rhab- 
dosomeB of CHmacograptua lypiealit were obHerred, whioh gave the 
following readiDga: N. BO degrees E., N. t>0 degre«;e E., S. 79 degrees 
E. 

Below the village, the directions in sucueeeive layers were; N. 60 de- 
grees E., N. TO degrees E., N. 10 degrees E., and a little farther down a 
layer with N. 75 degrees E. was observed. 

In an exposure near Holland Patent, exteoding down to the Trenton 
limeetoue, shale with distinct drift lines of fragments of fossils in N. 7() 
degrees E. direction, was observed, underlying a layer with graptolites 
in a N. 70 degrees E. direction: the latter again being overlain by layers 
with graptolites piiinting to directions between N. GO degrees E. and 
N. 70 degrees E. 

The interesting fact which appears in the readings from Nine Mile 
creek ia that, though the expoaures are farther north than all the other 
localities visited and even north of the southern border of the Archaean 
region of the Adirondacks, yet the flow that arranged the fossils must 
have come from about N, 70 degrees E. which is the average of the 
readings. 

In Lee'» Ouif near Turin (Black Kiver region west of the Adiron 
dacks) lower Utica shale appears not far above the Trenton. Only 
specimens of Endoceras were found besides the heads of TriurthruK, 
the former showing no direction. Boulders in the gulf were found to bo 
rich in specimens of CUmaeograpliis typicalin, which also failed to 
Hhow any arrangement at all. 

In the Turin Gulf (along the road to Welsh hill) in the first exposure 
a layer with ClimacogttiptuK typiealin and TliatnHograptUH, and sever- 
al layers with specimenH of Entlocerwi were found, none uf the fossils 
of which showed indications of arrangement. 

In a small quarry farther up the gulf, numerous layeni containing 
ClimacograptuH typi-cnlin were found. None, except one in which the 
majority of tbe fossils were arranged in a N. 10-20 degrees E. direction, 
showed any arrangement. 

In a third exposure the graptolites were irregularly distributed in all 
layers. 

In a fourth quarry no fossils, but a layer with a mud-flow structure 
was found, indicating a motion of the water from N, IS d<<greeB E. in 
the Black River region. 

The two localities which tbe writer had an opportunity to see, gave 
no indications of the prosence of a ciinstHnt flow of water in the tower 
Utlca shale epoch. The two layers with indications of arrangement are 
opposed by too many layers without any arrangomentot the fossil to in- 
dicate more than an occasional southerly flow of the water. 



dbyGoo'^lc 



380 Tht American Geoloifist. June, lan 

Genebai. CoKCiosioKe. 
The following conclusions can be drawn from the preceding 
observations : 

1. There existed, at the time of the deposition of the lower 
UticH shale, a general andoonetant flow of water from the av- 
erage direction N. 78° E., in the region south of the Adiron- 
(lackf:, while thisfl<fw does notseem to have been present west 
of this ancient land area. 

The averages of the readings in the visited localities are : 

(Schenectady) (N. 13 degrees E.) IHudeon R.) 

Spraker'e N. 80 degrees E. 

Canajoharie N. 80 degrees E. 

Osquago-OxtuDgo creek N. ^degreesE. 

Dolgeville N. 70 degreeB E. 

Mohawk N. 72 degrees E. 

Deerfield S. SOd^EreeaE. 

Nine Mile creek N. 70 degrees E. 

Turin -. degrees. 

The total average of the readings (excepting those of Sche- 
nectady and Turin) is N. 78^ E.* 

That the flow came from N. 78* E, and ran toward S. 78° 
W., can he inferred from the appearance of the mud-flow 
Structure, the drift-ridges behind the fossils (Etidocerai), the 
eastward pointing of the apices of the Endocerat shells, and 
often also of the sicular ends of the graptolites. From the 
common oceurrenee of drift lines of longitudinally arranged 
fossil fragments and of smaller shells of Einli>cer<i». behind the 
ai>erturee of larger shells of Endocerus, it becomes appar- 
ent that the apices of these shells would generally point 
towards the slowly flowing water. As now the apices of the 
shells of Eiidoceras mostly point eastward, the water must be 
supposed to have come from the east. In layers containing 
specimens of -Eii'ioeeros and graptolites together, the sicular 
ends of the latter have been observed to point in the same di- 
rection as the apices of the Etidocej-ns, hence the general east- 
ward pointing of these sicular ends in the layers without any 
shells of Eniloceras. or mud-flow and drift-lines may also be 
regarded as indicating a flow from the east (or more exactly 
north of east). Gastcropods have been noticed with trans- 
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versnlly arrxnged fragmentH which appareDtly were arrested 
by the immovable fhell, on the east Bide, and with a di;ift- 
ridge of longitudinally arranged fragments on the west side. 

2. The motion of tlie watei- brought about, in this district, 
the changes in tlie eedimentation and in the fauna which 
constitute the ditferpnces between the Trenton and Utica ter- 
ranes. This assertion is principally based on the following 
observations : 

a. The approach from the Tienton limestone to the Utica 
shale, as well as the lower Utica shale itself are, as described 
before, from the East Canada creek near Dolgeville, marked 
by H regular alternatioji of beds of limestone and shatv, the 
shaly intercalations at first being far apart and thin, but in- 
creasing steadily until the limestone bands dwindle into in- 
significant intercalations and disappear at last entirely. This 
gradual change has already been observed by Vanuxem* on 
the West Canada creek, near Herkimer, and also north of 
Little Falls. It is also observable in the localities south of 
the Mohawk river, where Hallf described Sphenatknllux 
iingvstifoliut as being found in the shaly upper Trenton lime- 
stone, near Canajoharie. WalcottJ reports from the town of 
Deerfleld that "the Trenton and Utica formations are inti- 
mately connected lithologicalty," Prosserg found sixty feet 
of passage beds, consisting of shale and limestone beds in a 
wet] at Chittenango, which is south of lake Oneida and west 
of Utica. 

h. Further, as already observed by Vanuxem and verified 
by Hull II the Trenton limestone and the Utica Khale are in the 
state coextensive and concordant. -'The whole of the Utica 
rests upon the Trenton and upon no other rock." (Vanuxem), 
Changes in tlie depth of the water can not, therefore be ad- 
duced to account for the change in the composition of the 
sediment. 

c. The change in the fauna is gradual, as shown by the 
section neiir the Flat falls on East Canada creek and gives the 
impression that part of the Trenton fauna.especialjy the corals, 
"•LTVanuxem, Nat. Hiet.of N. Y.. pt. in, iej2, p. 58. ^""^ '~ 

tj. Hall. Fal. of New York. vol. i, p. 261. 

iC. D. Walcott, The Utica slate, etc.. Trans. Albany Inst., vol. x, pp. 
1-17. 

SCh. 8. Pmsser, Bull, of Geol. Soc. of Am., vol. iv, p. 91. 
Proc. Am. Abso. Adv. Sci. 1878, pp. 259-265. 
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were unable to continue to live in the mud-bringing, moving 
water and gave plaoe to other fornix thriving under the new 
eondition. 
The ditfereneee between the Trenton and Utica formations, 
1 as established in New York state, are not local or prevailingly 

X lithological. This fact, ae well as others valuable to the under- 

* Btandingof the nature of the motion of the water are excel- 

_l lently presented in the papers of Wulcott on the Utica slate.* 

ij That author «<Cates that from lake Huron, across the province 

\ of Ontario to New York state and thence by way of the 

' Black river, Mohawk, Hudson, lake Champlain, St. Lawrence 

j- valley to Antieosti and from the valley of the Hudson to Vir- 

*; ginia the differenees between the Trenton and Utica forma- 

:■■■ V tiona are essentially the same. The black bituminous shale 

forms a distinct horizon above the Trenton. Thus it becomes 
apparent that the change in the physical conditions which in- 
augurated the Utica epoch in the Mohawk region extended 
over a wide area, along the southern and eastern coast of the 
then existing land and over the site of the present Appalach- 
ian mountain system. 

^ It must be added that the alternations of limestone beds and 

■ \ shales in the upper Trenton and lower Utica shale are also 

' widely extended, Cushingf expressly mentions the shaly 

r \ intercalations in the Trenton limestone on the shores of lakes 

[ 1 George and Champlain while the Geology of CanadaJ reports 

^ that "the limestones of the Trenton formation arc generally 

'. . separated by thin layers of black or blackish brown bitumi- 

' ,' . nous shale. The layers in some places become thicker to- 

wards the top and present a passage to the succeeding de- 

" ■ posit," the Utica shale. g 

1 *C. D. Walcott; The Utica slate and related Formations; ct. above, 

' C. D. Waicott; The Value of the Term— Hudson River Group. Bull, 

j o( Gcol. Soc. of Am., vol. i, pp. 335-356. 

' , tRep. of the State Geologist for 1893, p, 183-486. 

J ' JGeology of Canada, p. 198, 1863. 

§Walcott reports that there are no limeslone intercBlations in the 
180 feet of Utica shale, measured by him in JeSerson county, (east of 
lake Ontario). A like observation han been made by the writer near by, 
in Lewis county. Ab there, however, the ahaly intercaiatioDS of the 
upper TreutoD are quite coospicuoue it aeeme eBBentially a question as 
to the drawing of the lice of separation and it ia possible that there the 
Trenton conditione continued a little longer and terminated more sud- 
denly. The reappearance of a Trenton-like bed in the series of passage 

' beds on East Canada creek is certainly indicative of such a poaaibility. 



dbyGoo'^lc 



Current Action in the Ordocicimi. — Suedemann. 383 

The gsnerHl occwrrenci' of the pnasitge beds gives evidence 
that the chnnge from the phyfli<;«l conditions of the Trenton 
epoch to those of the I'titu epiieh was not a sudden one. but 
consisted in a trunsition by miraerous oscillations. But after 
the condition? fsvorable to tlie deposition of the Cticu tihale 
had once gained prevulen<;e, they must have continued for u 
long time. This eHii be inferred From the extensive geogruph- 
ifiil distribution of the Utica slate and its retaining its char- 
acteristic black carbonaceous sluty character, which shows 
tile rock to be u slow deposit of deeper water, and from the 
comparatively large volume, notwitiistanding its probably 
slow deposition. 

Walcott further develops the important fact that, while 
nil along the coast of the old continent the Utica fihale was 
formed, the formation of limestone continued towards the cen- 
ter of the Appalachian basin,* That author shows that the 
same change which terminated the Trenton formiition in the 
east and north of the Appalachian basin, and inaugurated the 
Utica epoch, also wrought some change in the fauna of the 
limestone-forming sea in the center; a change which is recog- 
nized in the difference between the faunas of the Treuton ^nd 
the superjacent Galena limestones. While the Utica shale 
has fifty-four species limited to its boundaries, and thirly-si.\ 
derived from the Trenton, the Galena limestone hasonly nin - 
teen species peculiar to it, and llfty-Hix passing up from the 
Trenton formation bcncHth. -ThlK diversity is undoubtedly 
owing to thH greufjr variation in th:' charaets-r of the f<cdi- 
nients of the Utica sliile us comp;ired with the (latcnii, ivln-n 
thechangc from the Trenton liniestone-fnrming deposit oc- 
curred." While this diversity, on the one hand, proves that ti 
change in the physical conditions in the east and north must 
have changed the fauna there, it demonstrajes also, on the 
other hand, that this same physical change made its inHuence 
felt even in the center where the limes tone format ion con tinned. 

While Walcott, on the evidence of Prof, Orton's rcpi>rt on 
the geology of Ohio { I S8H). sh<iws that the Utica shale is still 
met with in wells drilled in northwestern Ohio, but is reduced 

*This term incluili-s the interior tontinental basin from ihe .^[ipalu- 
chian Byateni to the MissisHippi. tiater the Galena has been referral to 
the Trenton of New York btale by several Keologistii, viz., N. H. Win- 
chell, E. O. Ulri.;h and F, W. Sardescm, vol. m, i«rt ii, Final RejM.rt 
Minn. Survey, lUeCi. 
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and altered ae it approaches the Ohio vaJle;, and is finnlly 
lost, it beoomea also apparent tiiat the coteniporary Galena 
limestone has been found as far northeast as on tlie Escanaba 
river in tlie peninsula of Michigan (Hall), but going northward 
also, it becomes reduced and interst ratified with shales. Cham- 
berlin (Geology of Wiseimsin, vol. ii) reports asimilar change 
in the Galena limestone towards the northwestern portion of 
Wisconsin. The modification consists mainly in the introduc- 
tion of more clayey material in the form of shaly leaves and 
partings. The change is gradual and progressive from forty 
to fifty miles. 

The statement that in Iowa, Wisconsin and Minnesota the 
Tienlon limestone has been found to pass into the Galena by 
slow stages proves that, exactly as in the east, the change was 
not a sudden but an oscillatory one. 

Fi-om the distribution of the Galena limestone in the north- 
west, and aspeeially from its occurrence on the Escanaba riv- 
.er, it seems that this limestone facies of the tjtica shale ap- 
proaches the coast in the northwest much more than it does 
in the east. This observation, together with the reported 
thinning out* and final disappearance of the Utica shale to- 
wards the northwest along the Archatan area, and with the re- 
markably wide extension of the Utica shale through Ohio and 
to Kentucky — where the lower part of the Cincinnati shale by 
the presence of Utica graptolites and Triarthrvs becki is still 
characterized as a deposit of the Utica epoch — are of signifi- 
cance in regard to the nature of the change, for they indicate 
a farther transference of the mud in the direction of the mo- 
tion of the water in the Mohawk region, than towards the 
northwest. 

It has so far been demonstrated that in the region south of 
the Adirondackp, the close of the Trenton and the beginning 
of the Utica epochs evidently stood in causal connection with 
the coming in of a sediment-bringing west southwest current, 
and not with changes in the sea level. It has further been 
shown that the change from the Trenton to the Utica forma- 
tion took place throughout the north and cast of the Appala- 
chian basin where the shale overlies the limestone, and also 

*Oii MaultouliD island the Utica shale has a thicknes ot only GO 
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somewhat modified, in the center of the ba$<in where thf Gal- 
ena limestone represcnlB the Ulica epoch. The change to 
Utica shale and Galena limestone was nut a sudden hut a 
gradual one, by a aeries of passage beds, and the Utica shale 
has been shown to extend farther away from the old coast- 
line in a pouth-wtHterlydirection than towards the northwest, 
in which latter diri^ction it diminishes remarkably in vol- 
ume. 

The direct conclusion, which one might be inclined to draw 
from the foregoing stutuments, is that the current observed 
in the Mohawk region ia responsible for all these phenomena. 
But a comparison of the relatively small area over which the 
influence of the motion of the water has been proved, with the 
imioense arc^a involved in that general conclusion, will at once 
demonstrate the great disproportion between the studied area 
and the conclusion, and will prove the necessity of complet- 
ing the work by studying the outcrops of Utica ohale in the 
Appalachian region, in the lake Champlain valley — which on 
account of its lying in the direct line of water-motion, observetl 
in the Biohawk region, is especially important — in the Cana- 
dian basin, and in the northwest. The writer hopes to have 
an opportunity to do this work next summer. 

Meanwhile it may be allowable to discuss the character of 
the oceanic motion observed in the Mohawk valley under the 
supposition that it was part of a more extensive marine cur- 
rent which brought about the widely extended change from 
the Trentjsn to the Utica epoch. 

The motion of the water could have consisted in coastal 
tidal currents, in wind-drifts, or it could have been part of the 
general oceanic circulation. 

It is obvious that the receding and advancing tide alone 
could not have produced a motion apparently in only one di- 
rection and parallel to the coast, as the motion south of the 
Adirondacks must be supposed to have been. Powerful tidal 
currents sweep along many shores. They are best known from 
the straits around Great Britain and from Long Island sound, 
but they occur as real currents only in straits, while along 
open shores tho translation action of the tide is only small. 
The Ordovician sea. which was at the present site of the Mo- 
hawk valley, was, however, open towards south and therefore 
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utfordi: no reason for iigsuniing the presence of u strong tidal 
current. 

A constant and only slightly cliungingcurrent produces nn 
even bedding in the depositp, while beneiith strong tidal cur- 
rents, owing to the strong flow during the incouing tide and 
its alternation with high-water and low-waterquiet, in the 
ebbing tide, layers that are obliquely laminated alternate with 
ordinary layers. The Utica shales and slates in thisi neigh- 
borhood are remarkably even-bedded and there are no traces 
of erosa bedding noticeable.* It is poseible that the lack of 
oblique lamination in the Utica ehale is due to the greater 
depth in which that sediment was deposited, but then it would 
seem strange that an inconstant and irregular tidal current 
near the const should have resulted in a constant, apparently 
regular current in water of a greatt^r depth snch as that de- 
positing the Utica shale most probably w-is. Tidal currents 
further are, however strong they may become in certain places, 
only local phenomena; their influence extends neitherfar into 
the open sea nor info the oceanic depths. The uniform iitho- 
logicul and faunistic character and wide extension of thi 
Utica shale, however, show that it cannot be the result of lo- 
cal and irregular physical agents. Moreover, the fine grain, 
even bedding, and rich adnixture of carbonaceous matter ii 
dicKte that the shale is the result of a very slow and equal 
deposition, such as generally takes place only in the deepest 
part of the littoral region. It is the concurrent opinion of ge- 
ologists that the graptolite shales and slates, in general are 
slow, deep-water deposits. This opinion is founded on the 
wide horizontal and small vertical distribution of the grapto- 
lites and graptolite shales. Hall has already reached this 
conclusion in his exhaustive study of the Quebec gniptolites. 

A glance at the acconjpanj'ing map will show that the 
shale in the localities where the parallel arrangement of the 
fossils has been observed, must have been deposited in consid- 
erable depths, for tile outliers of Utica shale at Wellstown on 

*Oblique striatioQ in the Trenton limestone has hnen observed east 
of the Hudson (qI. Report of State GeoloKiat for ISftl, p. 428) which is 
of interest an it probably points to the prt«euce of sballower water in 
that region during the Trenton epoch and, as during the Trenton and 
Uti^'a epochs the sea stood at the same level, also to a shallow region in 
Oie Utica epoch. 



dbyGoo'^lc 



Current Action in the Ordonicirtn. — liaedemiinn. 387 

the Sacondaga river and on the west shore of lake George, as 
well as the direction of the fossils as far north as Nine Mile 
creek, leave no doubt that the coast-line of the sea of the 
Utica epoch inust have been considerably farther north 
than the present extension of the Utiea shale as surface rock 
wonld indicate. For the shale near Dolgeville, twenty miles 
can be regarded as the minimal distance from the coast line. 
The measurements of the dip in the Mohawk river valley are 
unreliable on account of several faults in the rocks, they 
would point to an angle of several degrees, which would mean 
an imu-iual '-steep incline," for an angle nf about three de- 
grees gives a descent of one mile In twenty miles, which is a 
comparatively rare occurrence in modern seas. Willtanis* ob- 
tained some exact figures in centnit New York. He found 
in Cortland county adescent of fifty-six feet per mile. As the 
dip increases a little towards east, sixty feet per mile can be 
regarded as a minimal value, on account of the greater ap- 
proach of the strata to the coast line in Herkimer county. 
These two data, twenty miles distance and a descent of sixty 
feet per mile, however, would give a depth of 1200 for the sea 
in the Mohawk region. It must, therefore, be concluded that 
the depth, in which the Utica shale, showing Ihc arrangement 
of the fossils, has been deposited, was e<msidcrable. It agrees 
with this, that the preservation of the delicate rhabdosnmes 
of the graptotiles points to a very gentle motion of the water, 
which, in most eases did not so much transport the organic 
relics, as arrange them. It is especially this gentle, but i-on- 
stant, deep-reaching action of the moving water, which, to the 
writer, seems not to be quite in accordance with the influenci' 
to be expected from a tidal current, but rather with that <if a 
branch of the general oceanic circulation. The apparent in- 
dependence of the current from the coast, which is indicated 
by the distant transference of mud towards the Ohio river 
and by the approach of the Galena limestone to the coast in 
the northwest, also seems not to indicate the action of u tidal 
current. 

Finally, it is very doubtful, whether a tidal current would 
have been able to influence the fauna of the entire Appalach- 
ian basin in such a degree, as is indicated by the difference 

•Dip 10 Central New York. Aiu. J. of Science, vol. 20, p. 303. 
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between the fauna? of the Trenton and Galena limestoneB. 
The constant deep- reaching and eiually directed character of 
tile water motion aleo excliidee It^'having consisted of local 
wind-drifte. 

These oonsiderntione have induced the writer to see in the 
observed movement of the water, a part of the general ocean- 
ic circulation and to suppose the passing of an E. N, E.-W. S, 
W. current along the southern coast of the Adirondack land- 
area. It is prohable that the obstacle offered by this project- 
ing land decreased the depth of the current and made thus 
the phenomenon of the arrangement of the fossils especially 
visible in the Mohawk river region. As the transporting 
power of the currents has been found to extend to a depth of 
300 fathoms, there can be no doubt that the influenoe of the 
supposed current could have reached to the depth iti which 
the graptolite-ehale of the Utica epoch was deposited. 

It might seem unreasonable to speak of a strong, deep- 
reaching current action in an age, in which the distribution of 
the fossils generally has been regarded as proving the absence 
of all diversity of climate and of oceanic temperature.* But, 
accepting the first of the two rival theories as to the cause of 
the oceanic circulation, namely, that which claims that the 
latt«r arises entirely from differences of temperature and sal- 
inity, it will be easily seen, that the latter again are due to 
differences in the insolation on the surface of the ocean. But 
the insolation must always have been ditferent at different 
latitudes, and this unequal distribution of solar heat must al- 
ways have disturbed the equilibrium of the spheres and hence 
must have constantly produced currents to restore the equi- 
librium. Accepting the other view, that oceanic currents are 
caused by the atmospheric circulation, would be only insert- 
ing a new link into the chain of conclusions, as the circula- 
tion of the air itself is due to unequal insolation. 

Investigators like Dana, therefore, have always regarded 
the existence of a system of oceanic circulation, similar to 
the present, even in Falffiozoic times, as self-evident. Danaf 
for instance, in discussing the presence of the Trenton lime- 

*Barraiidc baa iliatinguiBhed two bands in the Cambrian of Europe 
which arc thought to represent climatic zones, 

tJames O. Dana; Manual of Geology, .3rd ed., p. 208. 
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stone over tbe whole breadth of the continent, seeks an ex- 
planation in the theory, that, " the currents of the ocean 
which ordinarily swept over the land (the Labrador current 
from the north, along the eastern border, and the Gulf stream 
from the south, over the interior), must have had their action 
partly suspended." This view not only includes the assump- 
tion that current- net ion terminated the Trenton epoch, but it 
euggests also that the current observed in the Uliea shale of 
the Mohawk region was part of the Labrador current. It 
came from north but under the influence of the diurnal rota- 
tion had a tendency to deviate in a westerly direction on ac- 
count of which tendency it pressed toward the east border of 
the then-existing land, crossed the region of comparatively 
shallow waters, which is siipposed to have foreshadowed.dur- 
ing the Ordovician era, those ranges which arose at the end of 
that era — namely the Green mountains and parts of the Ap- 
palachian system — and entered the continental basin in east- 
ern New York as a W. S. W. current. Dana saya regarding 
this shallow region (op. cit. p. 211) : " Along its course, there 
were Archiean islands and reefs, when the Silurian era 
opened, — portions of the Blue Ridge to the south, the High- 
lands of New Jersey and Orange and Putnam counties, N. Y., 
and the patches of Archtean rocks in New England beini< 
some of these areas. It was hence a barrier region to the con- 
tinent, over which the Atlantic currents flowed and waves 
broke; and here, therefore, fragmental rocks — rocks of snnd. 
pebbiRs, mud and clay — ought to have abounded." Investi- 
gations of the present currents have shown, that, on account 
of the increased velocity in the straits of an archipelago, the 
liner partly suspended silt, such as evidently formed most of 
the Utica shale, is carried farther away, while in the straits 
themselves, former deposits may be swept olF the floor of the 
sea. The Gulf stream has been found not to drop any de- 
posits in its direct course in the strait of Florida, while its 
lower part from the exit at Florida, where the current rapid- 
ly df^creases in velocity, to cape Hatteras has been compared 
to ft muddy river. Places where " hard bottom " has been met 
with on account of the scouring action of the currents, have 
. been found in various places and often in considerable depths, 
especially between submarine ridges and islands; between the 
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Canary islandB for instance, in n depth of 6,000 feet* Simi- 
lar conditions must have prevailed in the eastern border re- 
gion : heneo the absence of the typii-al Utiea shale and iia 
fauna in eastern New York and the region enet of the latter,f 
its fast increase in volume towards weBt.J from where the 
material could not have c()me. At Oleiis Fulls the velocity 
was still too great to allow the deposition of the fine detritus; 
but in entering the wide continental sea, the current rapidlj' 
decreased in velocity and consequently the increase in the 
thickness of the deposits until the innxinium of sedimentat'oii 
seems to be reached at the present site of Utica. where also 
the obstruction to the current from the projecting Adironduek 
land is removed and the waters, belug allowed to spread a lii- 
tle towards the north (the readings obtained at Deerfield seem 
here to be significant), a somewhat abrupt decrease in the 
velocity of the current must have occurred. This, however, 
must necessarily have resulted in a sudden increase of the 
quantity of sediment. As the current now, on its W. S. W. 
progress left all shores behind, it received no new supply of 
terrigenous sediment, hence, the rapid decrease again to the 
west of Utica, as indicated by the measurements obtained in 
drilling wells in the western part of the state. In u well at 
Chittenuago, south of Oneida lake, only 200 feet of Utica shale 
have been met with. But then, this decreased Utica shale 
extends over a wide area, as far as the Ohio river, in the di- 
rection of the observed current, while it thins out towards 
the north and northwest, where the Galena limestone formed 
at the same time. In those regions to which the curreni 
could not carry its silt, the difference in temperature and Sal- 
inity which necesHHrily must have existed between the cur- 
rent water and the quiet Trenton sea, were sutflcient lo pro- 
duce a change in the fauna, though the limestone formation 
did not cease. These diltercncea may have been only slight, 
for the fauna of the deeper littoral zones, in which the lime- 
stones probably formed, is known to be very sensitive to such 
ditferenees. 

•T. M. Eeade, Phil. Mag. vol, xxv, p. 392. 

tWalcott states that the fauna of the upper part alone o( the Utica 
formation occurs within the valley of the Hudson. 

]:Dana (op. cit. p. 196) Rives only 15 to .35 feet at Qlens falls, while io 
Moutgomerj county it is 250 feet and near Utiea amounts to 710 feet. 
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The cause of the extension of the Trenton limeetone all 
over the continent, even over the eastern border region, has 
been sought in the existence of a "barrier region outside of 
the limestone area, near or outside of the present Atlantic 
coast line."* Billing8| also explains the prevention of Brit- 
ish spet-imens from being introduced into the Trenton sen by 
the presence of this eastern coast barrier ; which latter dipped 
down beneath the ocean in the following period and allowed 
the incursion of British species, which he observed. Geolo- 
gists, in general, have resorted to the assumption of the for- 
mer existence of this land in order to account for the enor- 
mous accumulation of sediments in the Appalachian region, 
during the Paleozoic age. The writer sees in the observation 
of the arranged foseils a new argument in favor of this theory, 
for the direction from which the current comes must also im- 
plicitly indicate where, in the preceding Trenton period the 
barrier was, that closed the Appalachian basin towards the 
Atlantic ocean. As the transition from the Trenton limestone 
to the Utica shale in the east, and to the Galena limestone in 
the west, takes place only gradually, by a hundredfold alter- 
nation of the relative rocks, it must be concluded that there 
has been a long period of oscillations of the barri^re, these 
oscillations alternatingly closing and opening the continental 
basin to the Atlantic current in the northeast. 

As the limestone continued to form in Anticflsti during the 
Hudson River epoch (including the Uticn sbule) and only thin 
beds of shale are reported to occur in the series, it is possible 
that this region already lay outside of the shallow sea and of 
the archipelago which Dana supposes to have occupied the 
site of the present Appalachian region and Green mountain 
system, and which, under the wearing action of the sea waves 
must be supposed to have furnished part of the fine mud con- 
solidated into the Utica state and shale. 

Towards the end of the Hudson period, the uplift of the 
Green mountains and theemergence of the Appalachian folds 
probably turned the Labrador current again into the Atlantic 
ocean. 



*Dana, op. oil., p. '. 
tCf. Dana, op. cit.. 
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LAKE ADIRONDACK. 

Bj B. F. Tatloe. Fort Wayne, Ind. 

Early in October, 1893, I joined profeasor J. W. SpencPt for 
a recdnnoiesance of the slopes of the nort))east«i'n portion of 
the Adirondack mountains. The trip was made on Prof. 
Spencer's invitation, and hie lead was followed. Our etforts 
were directed toward n search for evidences of Pleistocene 
submergence, and more especially to an att«nipt to trace the 
Iroquois beach at high levels. 

The Iroquois beach had been traced by Mr, G. K. Gilbert 
along the south side of hike Ontario and northward along the 
east side to cape Rutland, about four miles northeast of 
Watertown, several years before,* To this point the beach is 
a prominent feature, easily traced, but the character of the 
country changes here to one of rocky knobs, largely bare and 
with sandy wastes between. Gilbert and Spencer both made 
repeated efforts separately, and once jointly, to carry the 
tracing farther, but without much success. Mr. Upham also 
entered the field with Mr. Gilbert. As a result of his several 
excursions Prof. Spencer believed that he had traced the Iro- 
quois beach in somewhat modified form past Carthage, Natu- 
ral Bridge, Harrisvitlc, East Pitcairn, Fine, Clarkesboro, and 
South Colton.| Just before we met he had taken up the line 
again at South Colton and carried it farther northeast past 
Parishville and Dickinson Center and on the south to a point 
on Salmon river near Owl's Head station about ten miles ^outh 
of Mai one. 

It is nut the object of this paper to go into details of the 
observations made except in two or three instances, A few gen- 
era! statements of results will suHlee. Terraces were seen in 
the distance near Standish, on Upper Chateaugay lake, but 



ntor 1 

f'The Iroquois Shore North of the Adirondacks," Bull. G. S. A., 
vol. 3, 18;<1, pp. 488-495, iacludiDg diseuBsion by Mr. Gilbert. 

The writer also made an attempt to trace this beach northeastward 
from Watertown, early in November, 189.%but with only limited succees. 
it seemed to be traceable iu one form or another along the line indicated 
)iy Pi-of. Spencer to the vicinity of Eant Pitcairn, But it paasee thence 
to the oortn by South Edwards and Edwards. Littoral features doubt- 
fully referred to this beach were followed still farther north from Ekl- 
wanls to Russell and thence northeast to Culton, 
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their character remained a matter of doubt. Terraces, mostly 
rather faint and poorly formed, were also seen around Chazy 
lake. These suggest the presence formerly of static waters in 
these basins at liigher levels than now but nothing indicating 
wave action was seen. 

Passing over to the Saranae valley at High falls, above Mof- 
littville, terraced were found at about 1026 and liOO feet and 
others at higher levels half a mile northwest of MoCQttville. 
None of these, however, were as distinct and finely formed hb 
two terraces that were found higher up the valley on the north 
side on the farm of Mr. Wilcox, about « mile and a half west 
of Redford. Here, about forty rods back from the road, are 
two Ha t- topped terraces each with a distinct bluff front, the 
upper about twenty-tive feet above the lower. The upper one 
extends n considerable distance back to the northwest to a 
small stream. 

These two terraces are part of an old delta of a creek that 
comes down from a high mountain about three miles to the 
northwest. Standing on the upper terrace we saw a distinct 
bench around the valley on the other side, at about the same 
level. Towards the southwest, and less noticeably towards the 
south and northeast also, this bench was discernible. The al- 
titude of the upper terrace is approximately 1,370 feet (an- 
eroid from Danncmoru). Nothing marking a water margin 
was seen at a higher level, but a few terraces and deltas were 
found at lower levels. About a mile east of Dunnemora, on 
the south slope of Rand hill, there is a delta of rounded grav- 
el which is cut by the Chateaugay narrow gauge railroud and 
excavated for ballast. Its upper level was not measured, but 
at the pit the top of the bank is about 26 feet high or about 
950 feet above tide, while the top of the delta is probably 
somewhat higher. This delta may correspond with the lower 
terrace at High falls. In the Au Sable valley northeast of 
Black Brook we found a few faint terraces up to correspond- 
ing hights, but nothing so de&nite. Only a small part of this 
valley, however, was examined. 

After a little over a week together we separated, Prof. 
Spencer going south along lake Champlain, while I began a 
search for beaches, mostly at lower levels, on the northern 
slope of the mountains. In several favorable places evidence 
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of wave nction was looked for on the exposed outer slope, at 
levels oorreaponding to the valley terraces, but none was 
found. Afterward I learned from credible sources that 
there are sandy terraces in the valley of the east fork of the 
Au Sable river near Keene, atlevels which seem to correspond 
with those near Redford. 

'I'he reconnoissance which we made was not a thorough one 
and the faots gathered are too few for positive statements. 
But it seems pretty clear that at least in the Sxraaac valley 
there was still water at the level of the Wilcox terruceB,Hnd later 
at thatof the High falls and Dannemorn terraces. The absence, 
80 far as observed, of any evidence of wave action at these 
levels, even on the outer exposed slopes, suggests that this body 
of water was not of great size, but was confined to this valley 
and perhaps one or two other adjacent valleys separated by 
cols a little below the terrace level. Apparently the only ex- 
planation of such a lake is that it was held up by an ice-dam 
— by the great glacial tongue that extended southward in the 
valley of lake Ohamplain. It is not certain, but seems likely 
that at its greatest extent this lake included the valleys of 
both the east and west forks of the Au Sable river. This 
would give it a quite irregular shape with three expanded 
parts. For this lake I propose the name lake Adirondack. 
There was probably no other glacial lake of equal size within 
the Adirondack area. 

The outlet of lake Adirondack was not found, but the Wil- 
cox terraces are close up to the general floor or half-linished 
peneplain of the Adirondacks. Nearly all the modern lakes 
in tlie central area of the mountains lie in basins only slight- 
ly depressed below this plain, which is between 1,400 and 
1,60U feet in altitude, and the higher mountain peaks stand as 
monadnocks or clusters of nionadnocks upon it. 

In one or two seasons after our jointexcursions Prof. Spen- 
cer carried his explorations into the mountains of New Eng- 
land. He reported his results at the Springfield meeting of 
the American A'^soaiation for the Advancement of Science in 
August, 1895, and claimed to have found evidences on both 
the north and the south sides of ths mountain masses of New 
England that indicate post-glacial or glacial submergence to 
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Bt least 3700 feet.* In mnking his etatement Prof. Spencer re- 
ferred to other si milur high level terraeee farther west. meHning 
apparently the terraces which we had seen in the Adirondacks. 
Having been with Prof. Spencer when he made the Adirondack 
observations I desire to say that in my opinion nothing we 
saw there could bear the interpretation which be has given. 
Not tlie slightest evidence of wave action was seen — nothing 
that might not have been made in lakes of small or moderate 
size ponded by the ice sheet. Nothing was seen that ie not 
better and more easily explained in that way than by the sup- 
position of high marine submergence. Furtherinore, the ob- 
servations which I made on the northern elope after the joint 
excursion, occupying over three weeks of the fine autumn of 
that year, enable me to say with some conDdence that there is 
no evidence of wide-spread high level submergence on that 
slope. 

If lake Adirondack was a glacial lake as supposed, then 
some other interesting conclusions follow. It is a common as- 
sumption with some writers on glacial subjects that the Adir- 
ondacks continued to be an important center of glacial 
growth and dispersion for a considerable time after the front 
of the main ice-sheet had withdrawn from tlie Ontario basin 
entirely, and partly or entirely from the Champlain basin. 
Those who favor the idea of so-uuHed "sedentary" ice-sheets 
are particularly inclined to thip view. But if lake Adiron- 
dack existed as supposed, then its very existence is in con- 
flict with such an idea. No doubt there were some more or 
le^s iuiportant local glaciers among the high peaks of the 
Adirondacks after the main sheet had uncovered the soutli, 
east and west flanks of the mountain mass, but they did not 
deploy far on the peneplain below and certainly did not con- 
stitute anything that could properly be culled a local ice-cap 
like that which Prof. Chamberlin describes as covering the 
Redcliff peninsula of Greenland. This conclusion is further 
strengthened by the observations of Prof. C, H. Hitchcock, 
who recently ascended to within a hundred feet or so of the 
top of Whiteface mountain (4871 feetaltitude) and found its 

* The writer .vae not present »t Sprint^lield, and has Kittbered the 
main points of Prof. Spencer's communication tmm two abBtractn, 
Proc. A. A. A. 8., vol. XLiv, p. 130. Also An. GaoL. for October, 1895, 
p. 219-50. 
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itifully strewn with bowlders antl 
detone which must have been car- 
northward or northeastward quar- 
?:at« that the main ice-sheet over- 
cast for a time, and it seems ti> im- 
no considerable amount of vigor- 
ciers of notable eize or by a local 
le retreat of the muin ice-sheet, and 
its advance. Sncb fact? shed an 
Die light upon the climatic condi- 
the ice front. They show us that 
tion on the surface of the ice-sheet 
le hundred miles or more wide, (it 
or four times this width) and hence 
ice-sheet itself was well back from 
>ntrant front of the ice-sheet rested 
ler of the Adirondacks at an alti- 
tude of 1400 feet or over, the peneplain at 1400 to 1600 feet 
was distinctly below the snow or neve line. 



WHAT IS THE OLENELLU5 FAUNA? 

By G. F. Hattbew, St. John. 

St. Joh.n. \. B.. 23d Match. ISST. 



vhnt tha OloaelluB tsuna is, and vhat ll« rolatfon Ui Paradoxidos, I havr brieBy 
iintliDed in the roUaivinit article tbedata boariugoa thi* point, knom to me. I 

lorn Ihutnliall be more direct. In the great body of elates eiistingat takx Cliam- 
. plain BDd hIimik the valley of the Hudson, witb their enclosed limeBtoDe band! and 
lentilles-tberenuiatbe taunal groups othorthaa hare been described, and the meant, 
ol n hotter iireaentation of tlioae already known. A careful search aod mappioc of 
elposurea where fossils are found, would rorea] tbestrnctnre, andproTe or disprove 
the tLeori of tlie mingling of tlie Paraduiides andOleuellUB tauasa in Che Hudson 

HofangtliattheMlowinapapornuiy meet your wishes, I romain 
Voors sincerely. 

U. F. Havthkiv. 

In view of the tendency that exists at the present time li> 
refer all pre-paradoxidean faunas to the Olenelhis horizon, 

•Stated by Prot. Hitchcock at fiuffslo in August, 1896, in hie report 
to the Geological Society at America on the petjographical excursion in 
the Adirondacks. 
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whether the; contain that genus or not,* the present seems an 
opportune time to inquire how far such a practice isadvitiable, 
in view of the wide range that has been given to that fauna 
by the addition of numerous faunas, mostly pre-paraduxidean 
in Europe, America, and elsewhere, f It ip not known that all 
theae branches of the Olenelius stem preceded Paradoxides, 
nor is it known that even the type species preceded thip 
genus. 

That Olenelius is older than Faradoxides is altogether a mat- 
ter of inference, based partly upon the constitution of tlie Ole- 
nelius fauna itself, and partly upon the fact that related subge- 
nera are found below Paradoxides. Yet such is the etfect of the 
Btrong plea that has been made for the greater antiquity of 
OlonelluP, that faunas older than Paradoxides^ have unhesi- 
tatingly been referred to theOlenellus horizon, though no spe- 
cies of Olenellue has been found in them. Why, then, should 
they be referred to the Olenelius lone? 

Let us see if wc can gather any information on this still 
obscure question, the age of Olenelius, from the pre-Paradox- 
idean faunas. There are twoaspecti^ of proof available from 
the olenellid faunas themselves which may throw light upon 
the matt«r. One is the individual form and development of 
the several olenellid 8pe<'ie»'; the other is the associated H])e- 
ciee found in the several faunae. 

Criterion of Structure niid Decelo/iment. 
Among the olenellid trilobin^s which have been found ac- 
tually to precede Paradoxides, there are two principal types, 
one represented by Ilolmi'i fcjeriilH and the other by 0. ( C'alla- 
t/a)g btSgi/eri and O. (3chmi<ltia) mickicitzi; and although the 
latter is separated to another sub-genus on account of its tho- 
rax, if we regard the head-shield, and especially the glabella, 
we shall be inclined to associate it with the second of the 
above species rather than with the first. And this is probably 

* I conFesa to having been influenced by this tendeccy myself in tor- 
iher years, as we then had Dot come to apprecitiCe the individuality of 
the pre-Paradoxidean genera ae we now do. 

fThe Fauna of the Lower Cumbrian or Olenellua Zoce. Extract from 
the 10th .Annual Eepijrt, O. 8. Gaol. Survey, pp. 572 to 575. 

{!□ Bohemia, France and Spain. 

§1 propose this eubgcneric name lor O. brOgyeri and O. eallavil be- 
cause the glabella differs from O. (/f.) kjerulfl, etc. 
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tlie nattiial arrangement, ap, if we may judge by the analogy 
of the young nf other trilobites, the generic features of the 
head-shield would have been developed, before the poBterior 
segments of the body were defined. Such beiDg the case we 
should look upon the characters of the head-shield as of vital 
importance in defining relationships of the trilobites. In thi? 
view it seems natural to look upon 0. michwitzi as the oldest 
form known of the root stock of Olenellus, and to associate 
with it, as somewhat nearly related, O.faUaciifund. O. brUgfieri. 

In a discussion of the ago of the Olenellus fauna it should 
be borne in mind that only 0.(C'-) brOggeri iind Holmia kjernlft 
have been found in actual infra-posJtion to Paradoxides. But 
there are several things which indicate the antiquity of O. 
michwitzi, e. g., the long cylindrical glabella, the short pleura 
and the small size. On the other hand the ditferentiatioii of 
the thorax into two regions and the great thoracic spine, show 
that we are not dealing with the earliest representative of the 
stock.* 

The branch of the olenellid stem to which O. michicflzi be- 
longs, if we limit it to the three species above referred to, is 
pre-paradoxidean, and none of its species enter the Paradox- 
ides zone. But can we say the same of the stock at the base 
of which we find Holmia kjerulfi ? This branch of the ole- 
nellids is characterized by an enlarged front to the glabella 
aft«r the manner of Paradoxides; the feature is well marked 
in 0. (ElUptocephala) asapkoitlen and is less distinctly shown 
in O. (Magortucis) rermoniana ; and although Mr. Walcott in- 
cludes the former species and the associated genera in his 
Olenellus fauna, he intimates that they may be of the "Mid- 
dle" Cambrian, i. e., Paradoxides Kone. 

In Jf. vermontana we seem to have the highest expret^sion 
of this type of structure in u trilobite apparently adapted for 
living on a muddy bottom. With some primitive features, as 
for example, the long glabella, there are others which show an 
advanced stage of development, as the shortened eye-lobe^, 
the numerous joints to the thorax and the ditferentiation of 
this part into two regions. This species, according to Wal- 

*0n account of these features. Peach thinks tliis species more modem 
X.'ba'a Holmia kjerulfilti which there is an etjual development throughout: 
but for the reaeons given above, and others, I do not uoncur in titia view. 
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cott, belongs to the OleneUua fauna, being associated with the 
originat Olenellus of Hall. 

There still reiuaine another group of olenellid trilobites 
repreeented by the type specie? and remarkable for their tel- 
son-like pygidia. All these have the enlarged Paradoxides- 
like front to the glabella. Are they to be referred t<> Jlolmia 
kjeruljt branch of the olenellid stock or to an ancetitral type 
unknown? We think to the latter. This seems to have been 
a branch which has left widespread evidences of its distribu- 
tion, having been found in Scotland and both in the east and 
west of America, but noichere htis it been teen beneath the 
Paradoxitfes bed*. It is a branch of the olenellid stock, whose 
position relative to Paradoxides has yet to be determined. 
That it is a highly developed branch of the olenellids may be 
inferred from its glabella and peculiar pygidium, and we there- 
fore think it is not the oldest. 

From the study of the youngest of Paradoxides we Judge 
that the enlargement of the front lobes of the glabella in this 
genus and in Olenellus Is not a primitive character. It is not 
analogous to the enlarged front of the axtal lobe of the 
cephalic shield seen in the protaspisand early larval stage of 
many trilobites, for we find that in the larval condition of Par- 
adoxides these lobes are shorter than in the adult forms. 
Notwithstanding the dilTerence in the facial suture we feel 
. that Paradoxides and Olenellus are not far removed from each 
other, and that the enlarged front of the glabella in both points 
to a similar development in the two genera in this respect. 
Nor can we euppnee that the epine-like pygidium is a protss- 
pid character in Olenellus (»eii»i« ttricto) \ we would rather 
expect to find that in the early stages of growth this branch 
of the olenellids would be found to have a normal pygidium 
like that of the other two branches of the stock. 

Peach, who has written on the question. of the relations of 
the different forms of the olenellid stock to each other,* looks 
upon H. kjervlfl as the initial form of the olenellids. but we 
must remember that this form is in the beds which in Sweden 
lie immediately beneath the Paradoxides beds. A thickness 

'Addition to the Fauna of the Olenellus Zone of the Northwest High- 
lands,- by B. N. Peach., Esq., Quart. Jour, Gool. Soc., Nov., 1861, p. 
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of only six feet separutes the two faunas, and there is no 
physical break between them. 

We think the Schmldtin michwitzi stock older, and imagine 
there is a parallel in the development of the olenelHd stem 
similar to that which is seen in the paradoxidean. Protolenus 
is undoubtedly older than Paradoxides, but is very similar in 
Btnroture, differing most markedly in the form of the glabella 
which is cylindrical in place of club-shaped, A similar rela- 
tion holds in Olenellus, for the branch stock which contains 
■S'. michwitzi, O. callacii and O. brOgsferi, with cylindrical gla- 
bellap, is the only branch of the olenellids which i» entirely 
beli)ie Porfidoxide*. Protolenus, in this respect, bears the 
same relation to Paradoxides. 

Some of those branches of the olenellid stock (as Holmia 
tjerulji) with enlarged glabellas, and uniform development as 
regards the thorax, are also below Paradoxides. We may now 
inquire how far the genera of trilobites, brachiopods, etc., as- 
sociated with the olenellids throw light on their poi>ition rela- 
tive to Paradoxides. 

Criterion of the Asiocialed Genera. 

Mr. Walcott's "Fauna of the Olenellus Zone" consists es- 
sentially of the* fossils gathered from four distinct areas: 1, 
West Vermont to Labrador (and eastern Massachusetts ?); 
2, Newfoundland: 3, Eastern New York ; 4, Western America." 

The age of the Olenelli in the 4th area will depend upon 
the decision as to the age of those of the tirst area. The spe- 
cies of the 2d are clearly beneath the Paradoxides beds, but 
they do not belong with Olenellus, sensw siricto. The fauna 
of the 3d area, that of eastern New York, may now be con- 
sidered. In previous publications the author has casually re- 
ferred to some of the species of this fauna, and they are in 
evidence in relation to the subject of this paper. 

Bad figures and distorted specimens for a longtime left tbe 
relations of Emmons' Atopx trilineatus in doubt, and it was 
only when Ford's assertion thatit wasaConoeoryphe was sup- 
ported by Walcott's excellent figures of the better specimens, 
that the relations of this species became apparent. Conocory- 
phe, as we know, is in Europe a genus of the Paradoxides 

^Fauna of the Lower Cambrian or Olenetlue Zone, p. 571. 
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bedg, and it is especially abundant in the Lower Paradoxldes 
beds: neither in Europe nor Ameriea do we know of it below 
this horizon, and it is so prominent h genus of Hiis zone that 
Angelin, disregarding the Paradoxtdee, called the zone, Aeiitot 
of ConocoryphM. 

Conocoryphe shows oonsiderable subordinate variation of 
form, under which several epeeies have been established, but 
Emmons' species, in its sharply cut glabella furrows and 
other particulars, comes nearer to C striata of the P. tesgini 
t>ub-zone in Bohemia, and to a form from the I', dacidiii gub. 
zone in Newfoundland than to the older Conocoryphes of New- 
Brunswick and Sweden; thus its neare(>t allies are in the 
Middle Paradoxides bedp. 

Another genus which occurs in the Olenellue beds of eaet- 
ern New York is Mierodiscus. There are two forms of this 
genue in the Paradoxides beds, one with ribbed oide lobes to 
the pygidium. the other with smooth ; both have long occipi- 
tal spines. The form with smooth side lobes is the later of 
the two, and belongs to the Middle Paradoxides beds. It is 
to this latter that the species (M. coiinexua) which occurs in 
the New York Olenellus beds is related. 

Three species of Agnosti are reported from these beds in 
New York, which also is a link with the Pitradoxides beds, as 
no Agnosti are known in Cambrian measures older than those 
which contain Paradoxides. The species described by Ford is 
of the Laeviffatus section of Agnosti, which is not found lower 
down than the Middle Paradoxides beds. Waicott says this 
species is a Mierodiscus; it is certainly difticult to understand 
us an Agnostus but more so as a Mierodiscus. This may be 
due to imperfection of the figure, orobscurenessof the original 
specimen. The type is lost, and the author of the "Olenellus 
Fauna'' retains it where Ford placed it. 

The other two species of Agnosti are referred to the FoUnx 
section of that genus, a section ranging upward through and 
above the Paradoxides beds, but not known below them. 

Another fossil which is very common in the Paradoxides 
beds and occurs also in eastern New York, is Linnarssonia 
(Z. tnconica). This shows very little difference from L. 
transiiersa and L. sngittalis, the corresponding forms of the 
Paradoxides beds on the two sides of the Atlantic. 
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Tbeee comparisons might be extended, but I think thej are 
liutflcient to show that Olenellu.» asaphoidei (the Ulliptocejik- 
ala asaphoidea of Emmone) with its aaeoeiated fauna, above 
described, must be placed in the Paradoxides zone. 

We come to apeak now of the Olenellus fauna, namely, the 
forms HBSociated with the trilobitea to which the name Ole- 
nellus was originally given by Hall, and here we meet with 
greater difficulty because we find fewer characteristic spcoiea 
comparablo with those of the Paradoxides beds. We may, 
however, offer some broad generalizations. 

The geniTB Ptychoparii* is one which enters largelyinto this 
fauna, so we find no lees than eight species referred to it (two 
doubtfully). The genus is one which in typical, or in 
nearly related forms, ranges through the Cambrian sys- 
tem, but it is not reported from the Newfoundland pre-Para- 
doxides beds, nor does it so occur in England or Scandinavia. 
One example is reported from Bohemia in a conglomerate im- 
mediately beneath the Paradoxidea beds. This genus doea 
not indicate a pre-paradoxidean age, for the beds in which it 
may be found — at least where the remains are abundant. 

Olenoides marks a groupof trilobites very like Dorypygeof 
]>auies, a Cambrian genus found in China, which, with its 
associated genera, Dames compared to the fauna of the An- 
drnruiu limestone of Sweden (Upper Paradoxidea beds). In 
Zacanthoides we have a type of trilobile comparable with 
Middle Cambrian forms of western America. Pro/ypus hUch- 
riicki will hear comparison with Elliiisoeepholua gennari of 
the Paradoxides beds of Bohemia, and Pompeckj describee a 
Protypus (an obscure example) from a conglomerate at the 
base of the Paradoxides beds in that country. Protypug hifch- 
'■'icki and P. »enectus are not of the same genus. /'. tenecttia 
is a Dolichometopus, a genus characteristic of the Andranim 
limestone (Upper Paradoxides beds). 

Something may be said also of the brnchiopoda, though as 
a rule the genera of this class have a wide vertical range, and 
BO are of less value for close correlation. Among these the 
common occurrence of orthids would indicate that the range 
of the Olenellus fauna was not much beiow Paradoxides. In 
very few countries have orthids been found below this zone. 
In Bohemia the genus has been found in the congloineratee 
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just below it. Orthie is absent frnm tbe Protolenue f«UDa un- 
less H single doubtful valve may indicate it. 

Eiitorgina occurs in the Upper Paradoxides beds of Sweden 
and the Lower Paradozides beds of New Brunswick, and Is 
reported as occurring with 0. callavii in England. Aorotbele 
ranges through the Paradoxides bedc, also above and below 
them, and so gives no help; and so of Lingulella and Obolella. 

Gathering the indicKtions available from the genera of the 
Olenelliis fauna of the original district in Vermont and its 
extension eastward, (the true habitat of the original Olenel- 
tuB fauna) they seem to the writer to indicate that this fauna 
should be placed either at the summit of the Paradoxides 
beds; or be considered as a fauna living cotemporaneously 
with Paradoxidee, but under dilFerent conditiona of tempera- 
ture and other surroundings. Walcott calls it a littoral fauna, 
but BO to some extent is the Paradox! des fauna, especially the 
earlier species. If the faunas were cotemporary then it would 
seem that a land barrier, or difference of temperature of the 
sea, must have kept them apart. The former conjecture can- 
not be sustained if the Attleboro (Mass.) fauna pertains to 
tbe Olenellus assemblage. 

There remains for consideration the Olenellus fauna of west 
America. Here we again meet a commingling of Middle 
Cambrian form!)* with the genus Olenellus, so that we are left 
in doubt as to whether these are cotemporary with Paradoxi- 
des, or are later than it; but whatever be the horizon for 
Olenellus thompsoni and its fauna, to this the western species 
will naturally conform. 

On the ground of the greater simplicity of the Scotch spe- 
cies. Peach is of the opinion that the genus Olenellus origi- 
nated in Europe and spread to America. This view finds 
support on other grounds than he urge8,vi2: (1st) compara- 
tive size of the species on the two sides of the Atlantic, and 
(2d) the greater complexity of the American Olenellus fauna. 

It is a rule that holds good for various. genera of trilobites, 
e, g., Paradoxides, Dicellocephalus, Triarthrus, that the early 
species are small and as lat«r ones arise they exhibit larger 
species which flourish for awhile and then suddenly diBapi>ear 

*Kul«rgina, Orthis, Zacaothoides, Crepicephslus (and Oryctoceph- 
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or njay be represented in depauperated or greatly m'klified 
forms. Both of the Scotch speoiee of Olenellus are small, and 
they are associated witli a minut« trilobite (Olenelloi'de*) al- 
lied to the oleiiellids, but showing some remarkable larvul char- 
acters in the adult, as cylindrical glabella, lateral cephalic 
spines, short pleurie. But with these are others of advanced 
type, as long posterior lobe^ to the cephalic rachis and short- 
ened eyelobes. • 

With this single genus of trilobites there are a Hyolithes 
and a Salterella. the whole forming, with Olenellue, a very 
meagre fauna. But on the western side of the Atlantic this 
fauna was reinforced by numerous forms from various classes 
of the animal kingdom: among the trilobites are Solenopleu- 
ra, Ptychoparia, Agraulos,* genera which range from the 
borizon of O.brSggeri in Newfoundland (also from just beneath 
Paradoxides in Bohemia) upward through the Paradoxides 
beds. 

This eoriohed fauna is replet« with genera which find their 
home in the Par ad oxides beds both in the lower and up[>er 
part. 

Following this fauna further west, the associated trilobites 
in Nevada have a still more modern aspect ;| we are therefore 
tempted to think that Peach is right in bis foroshadowingB of 
the migration of this stock. 

But at the same time is there not »>ome meaning in the as- 
sociation of no many paradoxidean geoera with the Olenelhiei 
fauna, genera which it appears to have picked up in its jour- 
ney from the east J (supposing it to have come from that direc- 
tion). 

On the same ground one might conjecture that there had 
been a migration of the 0. michiiyitzi branch; for that speciesi 
is small compared with O. cftl/nvii and O. brUggeri, and it 
*Tbe early species referred to the^nus ( chiefly sub. gen. Strenuella) 
ar» not very cloeely related to the typical tauDau in the Paradoxides 
beds; ProtaBraulos of the Protolenue fauna ia nearer the line of devel- 
opment of tne typical species. 

tOfenoirfes quadricepa, Zacantlioides IcEvia. Ptychoparia aubcoro- 
»a(« (likea Eulonia or Anomocarel, Crevitephalaa augu»ta, C. lilinna 
with pygidium spioed like those oF the Upper Cambrian, Oryctocfpha- 
hia primus, with ulenoid glabella and complicated pygidial structure. 
{The writer's views relative to the possible eotetnporaneity of the 
Olenollusand Paradoxides Tauoas, are outlined in Trans. Roy. Soc. 
Can., vol. X, sec. iv, p. 10. 
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stands alune, theru being no other trilobite recorded as oc- 
curring witli it. But tile third form (0. brSffgeri) is grouped 
with a rich company of trilobite genera. 

The same condition in a less degreemarks the third branch 
of the oleneiloid stock (Wo(»t(rt kjerulji) vrhich et&Hs out in 
Norway and Sweden with only a few trilobite genera, all of 
ancient type, but b^'com^s associated with more abundant and 
modern forms in America, i. e. the faunas with O. agaphotdex 
and 0. cermontuna. 

The following table is intended to express the supposed re- 
lations of the various branches of the olenellid stem to Para- 
doxides, as outlined in the preceding article. It is assumed 
that 0. tkompsoni and 3f. eermontaiKt mark a separate sub- 
fauna from JS. niaphoidet; if tiiey should prove to be of the 
same sub-fauna as the latter, this should be placed higher up 
in the table. The transverse line of the table is the base of 
the Parndoxides beds. 

To sum up the results of this review it may be said that the 
fauna of the Olenellus zone as set forth by Mr. Waloott, con- 
tains four elements: 
1st — A fauna that is pre-paradoxidean butcontains noOlenel- 

lus (sensu atricto). — Newfoundland. 
2d — A fauna of the age of the Paradoxides beds — that of 

eastern New York. 
.Id — A fauna whose place is uncertain, but probably at the 

summit of the Paradoxides beds, — that of western Vermont 

and the St. Lawrence valley. 
4th — A fauna nearly cotemporary with the last, but perhaps 

later — that of several districts in the western part of North 

America. 

The above article records some facts, some inferenees and 
some conjectures; if the last gain support from th%ftrBt, the 
whole favors the view expressed by the author some years 
ago, in this journal, that the Cambrian system (at least so fur 
as the Atlantic basin is concerned) is naturally divided into 
two parts (not three) so far as the faunas are concerned ;• the 
lower marked by the "giant Oleni," the upper by the depau- 
perated forms of this family, This was the verdict of Salter 
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and Hicke after their study of the Welsh Cambrians, and it 
equally applicable to those of eastern Canada. A glance ; 
the preceding table will show how difBcult it is to draw tl 
line which shall sepHrate the OleiielliiB from the Paradoxidi 
fauna on this side of the Atlantic, whatever may be the coi 
ditionsin Europe, or the exigencies of classification in wes 
ern America. 

PosTBCRrpT. — I find that I can say something more deHni 
about the place of theOlenellus fauna. 

In thc^ast fen' days I have been examining the material t 
anew sub-fauna of the Paradoxides beds of the St. Job 
group. It is from irregular layers of limestone in the Kenn 
beeasis valley, and besides a paradoxidean form of which t! 

'\Olenoidi;s and Oleneltus lapworllii, though placed ia tbia tal 
below the Paradoxides boda, are not actually knonn to bold this re 
tion, they may be bighnr upio the Carabriaa Hystem than they are h* 
represented to be. 

{The divisions of the Paradoxides beds given here are those of t 
north of Europe. 
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materiitl is defective, it contains abundance of Ftychoparia, 
Snlenopletira and Anomocare. Ag»o»tu» brcBifroiia ia com- 
mon, and Agnostiis parvifrons occiire. Dorypyije is present, 
also DoUchometopufi. It is in fact the fauna of the Andranim 
limestone or Upper Paradoxides beds of Sweden. 

One Dorypyge is very like Dicellocephalus (?) fnarcotii 
Whitfleld^O/enoirfes marconi of Walcott, and there is also a 
torra near Protyput aenectvn of the same author. These are 
strong points favoring the view that the Olenellus fauna of 
Vermont is of the age of the Upper Paradoxides beds of Swe- 
den. And in this connection I may add that though Cono- 
coryphea are specially characteristic of the Lower Paradox- 
ides beds, they are also found in the Upper, and that a form 
which in its sharply cut glabellar furrows and in other re- 
spects resembles Atopi trilineatus, is found in the P. daridis 
fauna in Newfoundland. This fauna, so far as America is 
concerned, is in the Upper Paradoxides beds. 

It is somewhat signiftcant that the European faunas, known 
to be older than Paradoxides are poor in genera of trilobiles; 
theBussian has one genus, the Swedish three, the English 
two ; and although that of Newfoundland seems to have more, 
this may be susceptible of explanation. In general terms it' 
may be said that the fauna of Olenellus is tao fick in varied 
types of trilobites and in articulate brachiopods to be pre- 
paradoxidean. 

St. John, y. D., 61k April, 1897. 



LAKES WITH TWO OUTLETS, IN NORTHEASTERN 
MINNESOTA.* 

By U. a Qeant. MinDeapoliB, Ulan. 

A ))aper by T. L. Watson on "Lakes with more than one 
outlet"! has suggested to the writ«r that a mention of other 
lakes of this character might be of interest. Several such 
lakes are known in the northeastern triangular area of Min- 
nesota included in Cook, Lake, and St. Louis counties, and it 
is not improbable that others will be noted when that part of 



tAuER. Obol., vol. XIX, pp. 267-270, April, 1B97. 
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the state is explored more carefully. Information concerning 
most of theee lakes and their outlets was obtained while the 
writer was engaged in field work for the Geological and Nat- 
ural History Survey of Minnesota. 

Brule lake (1851 feet above the sea) is a sheet of water 
over eight miles (including its narrow eastern part) in length, 
t'UBt and west, and averages about a mile in width. It is 
situated in Ts. 83-2 and 63-8 W., Cook county, and is about 
twenty miles north of lake Superior. The fact that this lake 
has two outlets, one at the east and the other at the west end, 
has already been noted by C. P. Berkey,* The two outlets 
form streams of approximately equal volume, and both flow 
over rock beds. The eastern stream is the Brule river which, 
after an east-southeasterly course of some forty miles, enters 
lake Superior in T. 62-8 E. The western stream finds its way 
into the Temperance river whose mouth is forty-three miles 
southwest of that of the former stream. The water which 
flows through the second outlet travels over thirty miles before 
reaching lake Superior. 

A small lake on the International boundary stream which 
connects Gunfiint and Saganaga lakes, in Cook county, has 
two outlets which have both been figured and one of them de- 
scribed by A. Winehell.t This lake (about 1512 A. T.) is of 
only a few acres extent and is situated (Sec. 19, T. 65-4 W.) 
in one of the most forbidding and desolate spots imaginable, 
the land surface being bare granitic ledges, white and glisten- 
ing, from which the vegetation and the slight covering of soil 
have been removed by fires. The two outlets are less than half 
a mile apart and both flow westward into Pine lake, about 
half a mile distant. 

The Kawishiwi river, a westward Qowing water course in 
the northern part of Lake county, is formed by a series of 
lakes connected by short, rapid streams. At least three of the 
lakes of this series have each two outlets. The largest body 
of water of this nature along this river is a very irregularly 
outlined lake (about 1503 A. T.) which sends its nrms and 
baysinto fifteen differentsectionsinTs. 6i-9, 63-8 and 63-9W. 

*Geol. and Nat. Hiat. Survey of Minn., 22d Ann. Rept., pp. 137-138, 
1894. 
tibid., 16th Ann. Rep., pp. 230 232, 1888. 



dbyGoot^Ie 



Lakea with Two Outlets, t'n Minnesota. — Grant. 409 

Its two outlete are more tlmii a mile ftpurt and the water 
flows west through one and north through the other into Crab 
lake (about 1487 A. T.), the next lake of this series. This 
lake is of the same general nature ae the last, being of very 
irregular outline and entering seven sections in T. 63-9 W. 
The two ontletR of Crab lake are less than a mile distant from 
each other in a direct line, but tionie three miles by the course 
whi(!h the water takes from the main bod; of the lake to the 
two outlets. Another lake (about 1451 A. T.) of the same 
character is comprised in seven sections in the southeaistern 
part of T. 63-10 W. It has one outlet on the south and one on 
the west. The water which pusses through the former flows 
southwest to Birch lake and then north to White Iron lake* 
and joins the water from the second outlet about six miles 
west of the parent lake, after having traveled some twenty 
miles. Mr. A. H. Elftman informs the writer that another one 
of the Kawishiwi River lakes, has, in times of high water, two 
outlets about a mile apart, but only one normally. This lake 
is A mile and a half long and is situated in sections 20 and 21, 
T. 63-8 W. 

Iron lake, Lac la Croix and Namekan lake, three lakes on 
the International boundary between St. Louis county, in 
Minnesota, and Ontario, each have two outlets. f The main 
outlet of the Arst flows north of the boundary through Mc Aree 
lake and Joins the boundary waters again in Lac la Croix. 
During high water and a stage of water only a little above 
the normal. Iron lake also has an outlet which flows westward 
and enters Lac la Croix about five miles south of the other 
outlet. The main outlet of Lac la Croix is the Namekan river 
whioh flows from the north side of the lake. During high 
water another stream leaves the southwest corner of the lake 
and follows the International boundary to Namekan lake in- 
to which flows the Namekan river. The land included be- 
tween these two outlets of Lac la Croix, from this lake till 



* The location of the lakes mentioned in this paper can be found on the 
map which accompADies the Ifith Ann. Kept. Geo], and Nat. Hist. Sur- 
vey of Minn.; also tho map accompany ing Bulletin 6 of the same Sur- 
vey, They can also, with the exception of the first two, be found on the 
Hunter's Island sheot published by the Geological Survey of Canada. 

tOf. U. S. Grant. "The International boundary between lake Su- 
perior and Lake of the Woods," Minn. Historical Sjc, Collections, vol. 
8, pt. 1, pp. 1-10, 1885. 
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they join again in Namekan lake, is some one liundred and 
twenty Ave equace miles. And Naiuekan lake itself has two 
outlets of about equal volume and less than half a mile apart, 
but in no way connected. Both streams flow over rock beds 
into Rainy lake. 

The question of the origin of these lake basins need not 
be discussed here; it is sufficient t« consider that, after the 
departure of the ice sheet, there were certain basins (in drift, 
in rock, or in both) in each of which w:ater accumulated un- 
til it overflowed the rim of the basin. In a few cases a basin 
had two points in its rim of the same altitude and lower than 
any other point, and thus a double outlet to the lake was 
formed. If one or both outlets flowed over drift deposits in 
all probability one of them would be of shortduration : that 
there were formerly some such lakes is not improbable. How- 
ever, in the case of the lakes here described many, if not all, 
of the outlets flow over roek beds. The country in which 
they lie is one where nearly all traces of weathered roek have 
been removed by glacial erosion, and the present rock surface 
is sound and unweathered and usuaHj of the same character 
(as regards rock species, grain, hardness, etc.) at each of the 
outlets of any lake. Comparatively little sediment is brought 
into any of the lakes and practically all this small amount is 
deposited soon after its reception, so the water flowing from 
the lakes is almost entirely free from sediment and thus near- 
ly powerless to cut into hard rock. It may therefore be con- 
eluded that these lakes will be of comparatively long life and, 
moreover, that the possession of two i)utlets will be, unless the 
cause mentioned below operates, a feature of long duration. 

A possible cause for the brief duration of one outlet is to 
be found in differential elevation. It is well known that cer- 
tain portions of Minnesota have been elevated since the forma- 
tion of the beaches of tlie glacial lakes Agassiz and Warren, 
and, if the movement is still in progress,* some of the larger 
lakes here described will most probably loose one of tbeir 
outlets in a comparatively short time. If northern elevation 
is still in progress the southern outlet of Lac la Croix, which 
is at present used only in high water, will become a normal 

*C(. Robert Bell. "Evideooea of aortheaatcrly rising of the land 
alonff Bel) river," Bull. Geol. Soc. Amer., vol. 8, pp. 211-250, pis. 23-24, 
Mch. 12, 1897. 
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outlet and the northern will be diminished in volume, or per- 
haps entirely abandoned. 

In this connection it is of interest to consider the relations 
and time of duration of the two outlets of Brule lake. Twen- 
ty miles to the south of thU lake are the ancient beaches on 
the north shore of lake Superior, the highest of which has been 
stated to have a northeasterly elevation averaging seven inch- 
es to the mile.* This same elevation at Brule lake, which Is 
about eight miles long in an east and west direction, would cause 
the water at the western end to stand over three feet higher than 
formerly — an amount more than adequate to cause an overflow 
at that extremity of the lake. From the drowned eharuct^rof 
the St. Louis River valley at the western ^nd of lake Superior 
it is clear that that end of the lake baa been relatively low- 
ered~-several feet since the present outlet at Saiilt Ste. Marie 
was established, and it certainly seems probable that this 
differential elevation is still in progress.f From the foregoing 
it may be reasonably assumed that Brule lake, shortly after the 
departure of the ice-sheet from this region, had but one outlet 
and that toward the east; that later elevation of the eastern 
end of the lake caused a part of the water to overflow a de- 
pression in the western rim of the basin ; that continued dif- 
ferential elevation brought this outlet into equal prominence 
with the first; and that the continuance of this process will 
cause the first outlet to be abandoned entirely, thus making 
a marked change in s minor drainage feature of this pnrt of 
Minnesota. 



RHYTHMIC ACCUMULATION OF MORAINES BY 
WANING ICE-SHEETS. 

By Wabbkm Uphaii, St. Paul, Minn. 

North American and European Series op Marginal 
Moraines. 

Definite marginal accumulations of drift are absent or very 
rare on the extreme boundaries of the great ice-sbeets which 
in the Glacial period enveloped the northern half of North 
America and northwestern Europe. The margin of the drift 

* Warren Upbam. Geol. and Nat. Hist. Survey of Minn., 23d Ann. 
Rep., p. 164, 189iJ. 

tCr Warren Upham. Op. cit., p. 171. 
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on each continent is mainly attenuated. In some purta it is 
represented only by scattered boulders. The outermost till 
deposits often occur in patviies, with intervening tracts which 
were doubtless covered by the border of the ice-eheet, but re- 
ceived little or no drift. 

At varying distances of a few miles to two or three hundred 
miles back from the limits of giRciation, the drift is amassed 
in prominent knolly and hilly belts which are traced hundreds 
of miles along the boundaries held by the North American 
and European ice-sheets after they had thus considerably 
waned from their maximum areas. Once inaugurated by the 
formation of the first and outermost marginal moraine, thie 
stage or epoch of the Ice age was thenceforward characterined 
on both continente, by a rhythmic accumulation of morainal 
belts of ridges and hillocky drift, with far more abiittdant 
boulders than are found on the intervening tracts where the 
drift is spread with a smoother surface. 

The Minnesota lobe of the North American ice-sheet, in its 
recession 450 miles from Des Moines, Iowa, to Vermilion lake 
in northeastern Minnesota, formed twelve moraine belts, which 
I have mapped for the Minnesot-a Geological Survey, averag- 
ing about forty miles apart along the axis of this lobe. Upon 
its sides the series of moraines is crowded closer together, and 
many irregularities of the glacial retreat with re-advances. 
are shown by blended and overlapjied moraines. The correla- 
tive series of moraines in Illinois, Indiana, Ohio, and Michi- 
gan, traced by Leverett, Taylor, and others, eompri&es a 
somewhat larger number of separate marginal belts, with less 
average distance between them. 

What recurring conditions caused these moraittes to be 
amassed successively, one after another, to the number of 
twelve to fifteen or more in the northern part of the United 
States, with others, partly known but less fully traced and 
mapped, farther north in Canada? It is evident that the most 
southern and outer moraine is the oldest, and the others suc- 
cessively newer in their order from south to north ; for if any 
member of the series had been covered by a re-advance of the 
ice-sheet, its iineven contour would have been much smoothed 
down. The moraines therefore record a somewhat regularly 
rhythmic action of the waning ice-sheet. Was thie depend- 
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ent on the repetitimi of Beeulur variations of climate? or was 
it due to regular varying physical conditions of the wasting 
border of the Ice-sheet, in combiDatinn with the exposure and 
deposition of its previously inclosed drift? 

RaPII> FoRHATIOH op HOBAINES BEIOWM BI THXIK RELATION 

TO Lake Agabsiz. 

My Ptudiee of the glacial lake Agassiz convince me that 
the moraines were, in a geological sense, very rapidly formed. 
Four or five large moraines in northern Minnesota and North 
Dakota were accumulated, in succession, contemporaneoufily 
with the formation of the highest or Herman beach of this 
glacinl lake. The time occupied in the accumulation of any 
one of these moraines was probably no more than a few de- 
cades of years : for the entire duration of lake Agassiz, mark- 
ed by a series of thirty ehore-lines, appears, from the total a- 
mount of wave erosion and resulting deposition of beach 
gravel and sand, to have been only about a thousand years.* 
Ten times as much wave action during the Postglacial period 
is shown by the shores of the great Laurentian lakes. 

Derivation of the Marginal Moraines chieflt frou 
Enolacial and Scperglacial Drift. 

Such rapid accumulation of the marginal moraines, their 
exceptional abundance of boulders, and their occurrence us 
steep hills and ridges which rise abruptly to hights of 100 to 
300 feet, all point to their derivation chiefly from drift which 
was inclosed in the lower part of the ice-eliect. When abla- 
tion had thinned tin- ice to its basal third or fourth part, in 
which drift was held and borne forward, the ice surface, in 
its being further melted, became overspread by a covering of 
drift. In a former paperf I have attempted to show how this 
drift could be amassed in large marginal moraines during a 
few years or decades, as is implied on each side of lake Agassiz. 
Retardation of the Ice Moteueht ur 
Enulacial Drift. 

The growth of a forest on the border of the Malaspina ice- 
sheet, to a distance of three to five miles from its edge, with 
hundreds of feet of ice beneath the superglacial drift imd its 
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growing trees, proves that the ice border there is nearly or 
quite stagnant. Rueaell, the explorer of that iee-eheet, baa 
directed Httention to the hindrance of glacial currents by in- 
closed drift.* It seems to me probable that this principle 
may explain the stagnation of the forest- cove red ice in Alas- 
ka, and also a slacl^ening or cessation of movement in the 
outer zone of the waning Pleistocene ice-sheets, to which the 
eskers of many districts appear to bear testimony. 

Effect of Scperglacial Drift to diuinish Ablation. 

It is further evident that the covering of drift on the outer 
part of the melting and receding ice-sheet protected it in a 
degree from ablation by the sun's heat and by rains. On this 
outer zone of the ice, impeded in its movement by its contin- 
ued drift, melting was diminislied, as compared with its ear- 
lier progress to the depth where it exposed the upper part of 
the drift; and as more of the en glacial drift became super- 
glaciul, the melting beneath proceeded yet more slowly. f This 
condition may have been true for a belt reaching back ten to 
twenty miles, or even, as I think, in some places fifty miles, 
from the extreme edge of the drift-covered ice, although in 
a decreasing degree the farther it extended. In other words, 
I believe that retardation of the ice movement by englacinl 
drift, generally reached across the belt, of variable width, 
from one moraine to the next. 

Partly Contemporaneous Accumulation op 
Successive Moraines. 

While the border of the ice-sheet was sluggishly dissolving, 
strong glacial currents, favored by abundant snowfall and 

•Israi.! C. EubhsII, "The Influpnco of Debris oti the Flow oTGladera," 
Journal of Geolojiy, vol. m, pp, 823-832, Oct.-Nov.. 1885. Thia admira- 
ble discussion and other helpful suggeetionB, relating- to suparglacial 
drift, given by J. B. Woodworth in the .\m. Geologist, vol. sviii, pp. 
166, 167, Sept. 1896, hare been the inceatives of the study here pn«ent- 
ed. Prof. RuBseH's new book. "Glaciers of North America," first seen 
by me after this papor was written, treats (io pages 25-28 and 156-159. 
etc.) of the influeace ot inclosed and supergladal drift on the adrance 
and retreat of ice-sheets. 

tProf. N. H. Winchell, writing in thp Popular Science Monthlv for 
July, 1873, (vol. Ill, p. 293, 294], held that the border of the waning 
North American ice-sheet was concealed under drift, nearly as the mar- 
gin of the Malaspina icc-aheet has been found by Bubeequent explora- 
tion. Compare my paper on "Englacial Drift," in the Am. QsoiJXiiar 
for July, 1893, (vol. xii, pp. 36-43). 
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steepness of the ico slope, were efflnient in the contiguous 
higher zone of the ice-sheet, including the upper part of the 
englaciul drift and the clear ice of greater bights, to bear 
much of that drift forward to become superglacially amussed 
at the inward limit of the drift-enveloped ice. In this upper 
moraine, fur trapelled boiililere would be plentiful, and some- 
times they would be almost unmixed with any boulders or fin- 
er drift of local or near derivation, a? Chamberlin describes 
certain remarkable boulder belts in Ohio, Indiana, and Illi- 
nois." Where the ice enclosed much drift, even these upper 
siiperglacial accumulations, ten to fifty miles back from the 
edge of the ice beneath the drift, may have attained a consid- 
erable depth, perhaps forming hille 100 feet or more In hight, 
before the deepening ablation exposed the englacial drift far- 
ther back, so that the next succeeding morainal line would be- 
gin to be established. 

Until such a later and higher moraine began to be formed, 
the basal glacial currents probably acted also very efficiently 
to carry forward much of the lower englacial drift and to heap 
it Bubglacially or englacially beneath the upper moraine. With 
the beginning of another and higher surface moraine, the belt 
of accumulation by the basal currents would be shifted in- 
ward to coincide nearly with the new superglacial accumula- 
tion. 

In the outi-rmost zone of the waning ice-sheet, movement 
would be feeble or would wholly cease, u^ Russell suggests, be- 
cause of the previous amassing of much englacial drift there. 
The basal currents farther back must accordingly pass up- 
ward, carrying some drift to the surface. During a long time 
the chief growth of a moraine belt look place, according to my 
view, at a distance of several or many miles back from the 
edge of the ice beneath the drift. When, in the gradual prog- 
ress of ablation, a new and inner moraine began to be amassed, 
the outer one soon ceased to receive additions, or they were 
comparatively inslgniflcant, on account of the slackened cur- 
rents or stagnation of the outer ice zone, Finally, the com- 
bined superglacial and englacial or subglacial morainie ac- 
cumulations, by the melting of the ice between them, became 
strictly a marginal or terminal moraine. 

•Journat of Geology, vol. i, pp. 52-60, Jan.-Feb., 1893. 
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Whei-f tracts of abundant drumlinB, as in souther 
flampehire, Massachusette, and New York, occur, exl 
ae they almost invariably do, approximately in pari 
with the great moraine belts, we may explain their ori 
I think, by an overflow of the upper, steeply sloping, 
fed icefields upon the previously drift-covered ice of th 
zone, heaping its drift in these remarkable bills.* 

Rhtthh of Morainal Accumclation Independeni 
Secular Variations op Climate. 

The progress of ablation during the departure <if t 
fiheet appears to have been mainly continuous througt 
years and centuries, excepting as it wap temporaril; 
rupted during each winter. It was undoubtedly at-ce 
or decreased in cycles of several or many years by seci 
riations of cltmute, such as now give series of years 
alternately a deficiency and an excess of rainfall and 
fall. But these secular climatic changes need not be 
ed to for explanation of the rhythm of morainal ace 
tion. With an entirely regular melting away of t 
sheets, the recurrence of prominent moraines, with 
intermorainic tracts, seems to me well explainable 
physical conditions dependent on the action of the 
currents in amassing successive belts of the drift inci 



the lower 800 to 1,500 feet, more or less, of ice that had 
ed a thickness of a half mile to one mile. 

Probable Dcratiok op the Chakplain Epoch i 
Wank op the I<;e Age. 

This explanation accords with my conclusion con. 
I he brevity of the existence of lake Agassiz, and with t 
erally accepted time ratios and estimates of the Glat-i 
Postglacial periods, as respectively, between 40,000 an 
000 years, and between 5,000 and 10,000 years. It se 
me more acceptable than the reference of the success! 
raines Ut climatic cycles of astronomic origin, by whic 
lorf conjectures that a duration of 160,000 to 300,00( 
was required for the formation of the moraines in the 
ern United States, not to speak of others in Canada. 

*Ah. GEOLOGI9T, vol. X, pp. 339-362, Dec, 1892, Bulletin, 0< 
Am., vol. VII, pp. 17-30, Nov., 1895. 

t-Au. Geologist, vol. xis, p. 290, April, 1897. 
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According to the view presented in the present paper, all 
the continentul moraines were probably amaBsed during a few 
thousand years, terminating the Glacial period, while the ici'- 
sheets were being melted fast (ae geologicte reckon time) be- 
cause of the Champlain depression of the ice-enveloped landx 
of both North America and Europe. 



REVIEW OF RECENT GEOLOGICAL 
LITERATURE. 



The Ocruri-eace of Oijtper Xineiiih in Hematite Ore, Montana Mine. 
Soudan, Minnenota. Desei'iplion of the Occun-ettee, by J. H. Ebv. 
Stvdy of the Minerals, by C. P. Brrkby. (Trans. Lake Superior Min- 
ing Inst.; 1896, vol. iv, pp. 68-79.) The Hontana mine ie in a body of 
hard bessemer h'-matite, on the Vermilion iron range. Copper minerals 
were here first noted in a nearly barixoDtal seam, one-fourth to one-half 
inch in thickneaa, in the hematite, and 265 (eel below the surface. The 
minerals are native copper, cuprite, malachite and azurite, occurring in 
the seam and also below it, and all are later than the hematite. The 
original mineral was the native copper from which the others have been 
derived by alteration. No other occurrence of copiier minerals in the 
mines of the Vermilion iron range is known. v. e. a. 

SummaT^ Report of (lie Oeological Survey Department [of Canada] 
for the year IHUe. By Georoe M. Dawson. Director. Hi pages; Ot- 
to wa, 1897. Price, ten cents. Fifteen field partiee were employed as 
follows: in the Northwest Territories, Ontnrio, and Nova Scotia, each 
three: partly in Ontario apd partly in Quebec, two: in British Colum- 
bia, two; and in Quebec and Labrador, each one. Concise Btatements 
of these various explorations fill the principal- part of this report, with 
additional notes of the laboratory and office work in chemistry, miner- 
alogy, and lithology, mining statistics, paleontology, zoology, and 
botany, and in mapping. Especial attention is everywhere directed to 
the discovery and development of the mineral resources of the country. 

The boring for petroleum at A tbabaeca Landing, in northern Alberta, 
has been abandoned, on account of the ditBculty and impoFsibJlity of 
going lower, at the depth of 1,770 feet. It is hoped to provide better 
means for drilling and to ascertain the depth of the oil-bearing lowest 
formation of the Cretaceous Heriea, which in its outcrops farther north, 
where its petroleum has chiefly evaporated, is called the "tar sands.'' 

Very interesting observations on the glacial geology of eouthern Que- 
hec are presented by Mr. R. Chalmers, who reports an early stage of 
glaciatioD when icefields moved northward from the Notre Dame moun- 
tains into the St. Lawrence valley, succeeded by a time when a general 
ice-sheet moved from the Laurentidc highlanda southward and south- 



db, Google 



il8 The American Geologist. laae.imi 

eastward over thia region. Eai;h of tbeeo stages is represented by its 
strife ftDd efoss sides of hills, and by its boulder -clay or till deposite. 
The baeina of the loDK and narrow lakes Meoiphremagog, St. Francis, 
Megantic, and others, are believed to be preglacial river valleys nhicb 
bocaime obatructed by theepeirogenicmoveraentsof the Quaternary era. 
Bince the ChamplaiD epoch, the St. Louis basin has been greatly up- 
lifted, to a maiimum estent, ho far as it is iodicatetl by ancient shore 
lines, of 700 feet, or perhaps 875 feet, in the vicinity of Arthabaaca, 
about TO miles southwest of the city of Quebec. Chalmers there ob- 
served three phore lines, the higlieat at 875 to 885 feet above the sea, the 
scicond at 700 to 720 feet, and the third at 600 to 625 feet. Investigation 
by ft detailed survey, however, with levehng, will be requisite for deter- 
mination of the question whether the upper shore may represent a fresh- 
water glacial lake, held by the barrier of the waning icc'sbeet, which 
finally seems to have ceased its blockade of the St. Lawrence valley in 
the vicinity of Quebec city. Then a glacial lake on its southwest aide, 
which has been named lake St, Lawrence, outflowing southward into 
the Hudxon river, fell to the sea level of that time, which is doubtle^ 
represented at ArthabaFca by the lower shores, as it is known at Mon- 
treal by marine foasiliferoua beds up to 560 feet above the sea on Mount 
Koyal. 

The year's appropriations for this survey were (103,107.93, of which a 
ninth part waa used in printing and lithography. During the year 31,- 
585 people visited the survey museum. It is urgently requested that 
the Dominion Government shall provide, at theearliestpracticabledate, 
a larger and fireproof building (or the eitensive and very valuable col- 
lections of the survey, which bave been accumulating through more 
than half a century. A general index of the reports ot the survey is 
being prepared for pulilication, which will include about 32,UOO refer- 



The Wafer Resources of lllinoin. By Fra!;k Levekbtt. 155 pnges. 
G plates, and 9 figures in the text; Washington. 1896. (Extract from 
the Seventeenth Annual Report ot the U. 8. Geological Survey, for 18K- 
96.) This very elaborate report on the hydrography, water power, wa- 
ter supplies for cities and villagee, and nrtesian wells, throughout the 
state ot Illinois, presents also good dercriptions of the surface features 
of the state, with a contoured map; ot its bed rockx. with a geological 
map and sections; and ot the glacial drift, which Mr. Leverett has very 
fully studied, with a map showing the moraines, till plains, loess, sand 
areas, valley drift and alluvium, and the former extension of Lake Mich- 
igan. The early till, mainly loess covered, occupies the western and 
southern two.thirds of the state, excepting a small drittless tract in the 
northwest corner (a part of the great Wisconsin drittless aieai and a 
width of about 35 miles at the south, in the angle of the Mississippi and 
Ohio rivers, which lies outside the e.xtieme limit of glacialion. The 
outer one of about a dozen marginal moraines, belonging to the later 
Wisconsin stage of glaciation, extends from near Terre Haute, Ind., 
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w««t to Shslbyvitle, theDce Dortb -north Keaterly to Peoria, and theuce 
north and northeast to the western part of McUenry county, from 
which it paeaea into Wisconsin. On the northern line of Illinois a com- 
posite belt of knolly and hilly drift about 10 milee wide, represents the 
series of marginal moraines, which appear as many separate belts far- 
ther eouth and in Indiana. 

In the city of Chicago about thirty artesian wells have been obtained 
at depths (ram 3,000 to 3,700 feet; and Dumeroua other places have 
good artesian wells 2.000 to 2,500 feet deep. Aioag the Illinois river 
valley, on the other hand, several hundreds ol arteeian wells vary in 
depth from 150 feet, or \eee, to about 100 feet. It is estimated that the 
cities of Ottawa and Marseilles, in this valley, have each about two 
hundred such wells. The closely tabulated data of the artesian wells 
of all the state fill nine pages; and three pages are occupied in a tabu- 
lation of the chemical analyses, by the State Board of Health, of sixty- 
eight specimens of the waters of rivers, lakes, reservoirs, wells and 
springs. Many additional water analyses by other analysts, are also 
given in three later pages, representing many springs, shallow wells, 
and artesian wells. w. v. 
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CORRESPONDENCE. 

X COHPI.BTR OIL WELL RECORD.* QeoloKiBta have long desired acare* 
ful and accurate measurement of the rocks passed through by the t>br- 
in^ for oil in Bouthwesteru PeoDsylvania. Mr. Carbel, during the life 
of the Second Geological Survey ot PennBylvania, had eeveral careful 
records kept of the boringB in Clarion and adjoining counties, but as 
the strata dip tn the southwest, and thicken somewhat, it was very de- 
sirable to have a new standard tor comparison in southern Penaeyl- 

The writer happily found in Mr. T. J. Vandergrift of Jamestown, N. 
Y., a successful oil operator ot many yeare experience, the right man to 
undertake the work, purely as a labor of love in the interest of geology. 

The well in question was drilled by the Woodland Oil Co., of which 
Mr. Vandergrift is president, on the S. B. Phillips' farm, in the famous 
McDonald field, near the line between Allegheny and Washington coun- 
ties, about 20 miles southwest from Pittsburg. 

The main producing rock of this region is the lowest member of the 
Venango Oil Band group,' or what is known as the fifth oil sand. This 
rock, it will be remembered, has yielded petroleum in greater quantity 
than any other horizon yet found on the American continent, Fince 
some of the n-eils of the McDonald region produced oil, tor a fhort time, 
at the rate of 15,000 barrels daily. 

It is no slight task to keep one of these deep well records with the 
necessary care, since to bo reliable a sauiple of the drillings must be 
washed, dried and properly labeled every time the tools are withdrawn 
from the bole. Then, too, as rope measurements are not reliable to 
within ten to tlf teen feet, steel line measurements must be taken fre- 
quently, and all these things were done in the present instance, so that 
the 2,342 feet ot strata penetrated from 8t5 feet above the Pittaburgh 
coat down to seven feet below the bottom ot the fifth oil sand, is repre- 
sented by 570 samples ot drillings, and 55 steel line ineaaureoients, from 
which data a very complete account of all the intervening beds can tie 
obtained, for allot which geol<^ists are certainly under great obtig&tioos 
to Mr. Vandergrift. 

The writer will publish the log of the well in the exact language of 
the party keeping the same, and also a condensed record in more strictly 
geological terms. I. C. Warrs, 
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PERSONAL AND SCIENTIFIC NEWS, 



Mr. C H. Waruen has been appointed instriictoi' in miner- 
alogy in the Sheffield ScientiHc School of Yale University. 

Mr. J. H. Pratt, instructor in mineralogy in the ShelUeld 
Soientiiie Sehool of Yule Univereity, hiis accepted the positinn 
of mineralogist on the North Carolina geological survey. 

Warren Upham, secretart of thk Minnesota HieroRiCAL 
Society sailed May 26th from New York in the American 
Line steamer "St. Paul," for travel in Great Britain, Scandi- 
navia, and the Alps. He is accompanied by his wife and will 
return about September 1st. 

The Glacial Lakk Hamline. In a lecture at Ilaniline 
University, St. Paul, Minn., May 6, Warren Upham described 
the evidences of a glac^ial lake whicli covered much of ihe 
western part of the area of the city of St. Paul during the de- 
parture of the ice-sheet from that district. The most remark- 
able feature of the glacial geology of the city area was shown 
to consist in its deposits of modified drift at high levels, 
forming a group of plateaus of gravel and sand rising with 
steep slopes to nearly flat upper plains 100 to 125 feet above 
the highest terraces whieh represent the old flood plain of tho 
Mississippi river valley. The most conspicuous of thet^e de- 
posits is the extensive high plain crossed by Summit avenue 
and many other streets, commonly called "the hill." These 
plateaus tell of a water level peculiar to this area; and the 
general contour of the region, the sigmoid course of the Mis- 
sissippi, and two moraine belts, one of northeastern drift in 
the eastern part of the city, and another of northwestern drift 
in the western part, imply that this was the site of a glacial 
or ice-dammed lake, which the speaker had named L'lkc II am- 
line. The surface of the glacial lake duringthe early part of 
its existence, as shown by the Hamline and Como plateaus, 
was about 250 feet above the present river, or 930 tn 940 feet 
above the present sea level. A little later, when the piulenu ii 
mile east of lake Como was formed, the glacial lake had fallen 
five or ten feet. Still later plateaus show that lake Hamline 
finally was reduced to 875 to 870 feet above the sea". Its out- 
let was toward the southwest and south, across the present 
watershed between the Minnesota and Mississippi rivers, to 
Rich Valley and the Mississippi. In other words, the mouth 
of lake Hamline was in the southwest part of Inver Grove 
township, at a distance of about eight miles southeast of Fort 
Snelling. The modified drift plateaus formed in lake Ham- 
line are described in a recent paper of the Geological Society 
of America (vol. viii, pp. 183-196, Feb., 1897, with a map). 
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Sib Archibald Gxikik's viaix to America. 

The geologists of America have hud the opportunity during 
the last few weeltB, of greeting Sir Archibald Geiltie. F. R. S., 
D. 0. L., Director -General of the Geoingiuul Surveys of Great 
Britain and Ireland, who has vieited this country upon the in- 
vitation of the trustees of the Johns Hopkins University to 
give a course of lectures at that institution. These lectures 
were provided for by the generosity of Mrs, George Hunting- 
ton Williams, who thus fommemoriites her husband, late pro- 
fessor of inorganic geology in thut university, who died in 
1894. The arrival of Sir Arcliibald Geikie in New York was 
marked by a reception nbich was extended to him upon Mon- 
day, April 19th, by the New York Academy of Sciences, in 
the Americtin Museum of Natural History. Addresses of 
welcome were delivered by Profs. Stevenson, Kemp, and Heil- 
prin, to which the distinguished visitor responded. 

On Wednesday, the 21st, Sir Archibald Geikie began his 
course of lectures at the Johns Hopkins University upon "7'A« 
FoHiidem uf Oeoluijy" which embraced a treatment of the rise 
of geological thought from the days of the eosmogonists down 
to the opening of the present era. The influence of the older 
geologists in the development of modern geology was present- 
ed in an entirely new light, as the result of the exhaustive 
researches of the lecturer. Although many attempts at writ- 
ing the history of geology have been hitherto made, the true 
signiflcance of many of the earlier views and their first incor- 
poration in the geology of the close of the past and the open- 
ing of the present century, had never been fully told. These 
lectures, which will appear in book form next fall, will add a 
volume of much importance to the geological treatises of the 
present day. 

Invitations were sent out by the Johns Hopkins University 
to the geologists through<)ut the country, more than fifty of 
whom were in attendance upon nil or a portion of the course. 
Excursions were arranged in honor of Sir Archibald, under 
the auspices of the Maryland Geological Survey, by Prof. 
William B, Clark, the state geologist. The shorter excursions 
took place almost daily, during the season of the lectures, into 
the region-adjacent tfl Baltimore, including a trip, as guests 
of the Secretary of the Navy, to the U. S. Naval Academy at 
Annapolis, where the Cretaceous and Tertiary geology of the 
Severn river was examined. 

After the close of the lectures a longer excursion, occupying 
four days, wasundertaken by the entire party to examine the 
geological section presented by the state of Maryland. The 
state board of public works granted the use of the state ves- 
sel, "Governor McLnne," while the presidents of the several 
railroads in the state offered free transportation to the partic- 
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ipating geologists. Upon the first day of the excursion, Wed- 
deEdiiy, April 28th, an extfndfd trip was made down the 
CliesHpcake bay to examine the Cretaceous and Tertiary for- 
mations exposed along the blultV. Ki'tuniing to Baltimore 
the party entered their special ears for the western section of 
the state, where the following day wae spent as the guests i)f 
the president of t ha Consolidation Coul company in exiimining 
the coal field* of the Alleghcnii's, The same night the gover- 
nor of Maryland tendered n reception to the visitors at hisi 
home in Cumberland. 

Upon the following diiy thu Silurian nnd Devonian fornia- 
tions of the central Appalachian districts were examined, 
including a stop at Harper's Ferry, W. Va. The lost day nf 
the cxcnrsion, Saturday, May 1st, was spent in the Blue Ridge 
mountains in examining the (Jamhrinn formations and the 
pre-Canibrian volvnnie rocks, the trip closing with n visit to 
the Gettysburg battle-field. Those who took part in the ex- 
cursions numbered nearly sixty and were as follows; 

F. D. Adams. McClill (Wloge, Montreal. 

Cleveland Abbe, Jr., of Washington. 

R. M. BagK' Johns Hopkins University. 

W. a. Baylev, Colby UniTernity. 

F. Bascom, Bryn Mawr College. 

George F. Becker, U. S. Geological Survey. 

L. A. Bauer, University of Cincinnati. 

J, M. Clarke, Assiotant Slate GeolnKist of New York. 

SaiDuei Calvin. Stale GeoloKistof Iuwh. 

W. B. Clark, State Geologist of Maryland. 

N. H. Darton, U. 8. GeoloRJcal Survey. 

J. S. Diller, 

C. W. Dorsev, U. S. Department of Agriculture. 
S. F, Emmons, U. S. (ieDlogical Surv.'v. 

O. L. Fassig. U. S. Weather Bureau. 
Sir Archibald Gelkie. 

D. C, Gilman. Johns Hopkins University. 
L. C. Glfnn, North Carolina, 

R. T. Hill, U. S. Ge<*«ieal Survey. 

J. A. Holmes, State (ieoKwist «f North Caroiinn. 

C. W. Haves, U. S, Ginilogical Survey. 

J. C, Hartzell. S<)uni Carolina, 

E, V. d'lovilliers. State Geoliwist of Pennsylvania, 
Lyman C. Josephs, of Newport, K, I, 

Arthur Keith. U. S, Crts.loK'ea! Survey. 

F, P. King. Portland, Maine. 

J. F, Kemp, Columbia Univerpitv. 

E. C. E. Lord. U, S. (Jeologieal Survey. 

F. J. H. Merrill, Stale Museum. Albany. 
W J McGee, U. S. Bureau of Ethnology. 

S. W. MeCallie, Assistant State GeoliKiist of Georgia. 

E, B. Matthews, Johns Hopkins University. 

J. A. Mitchell. Mt, St. Marv's C-ollege. Maryland, 

F. H. Newell, U. S. Geological Survey. 

W. H. Niles, Masdaeli uselte Institute of Techn<ilogv. 

Edw, OrtoD, State Geologist of Ohio. 

C. C. O'Harrn. Carthage Collette. Illinois. 

J. W. Powell, Bureau of American Ethnology. 
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L, V. PirssoD, Y"ale University. 

F- B, Peck, Lafayette College. 

Heinrich Ries, Columbia University. 

Harry Fielding Ried, Johns HopkinB University. 

B. D. Saliabury, University ot Chicago. 

A. C. Spencer, U. 8. Geological Survey. 

T. W. Stanton, " 

G.O.Smith, 

G. W. Stose, 

J. Stan ley -Brown, o( Washington. 

G. B. Sbattuck, Johne Hopkins University'. 

Chas. R. Van Hiae, University of WiscuDsin. 

Lecter F. Ward, U. S. GeoloEical Survey. 

H. S. WilliauiB, Yale University. 

C:. D. Wali«)tt, U. S. Geological Survey. 

T. G.White, Columbia Uoiveraify. 

I. C. White, Morgantown. W. Va. 

Bailey Willis, U. 9. Geological Survey, 

Eliztibeth Kirkbridge, Bryn Mawr College. 

A. B. Hoen, of Baltimore. 
At the (-loee of the vieit of Sir Archibuld to Baltiuiore on 
M"ndii_v, May 3d, he passed several diijB in Washington. On 
Wednefdity, May 5th, he delivered an addveBS before the Geo- 
logical Sofiety of Washington \ipon "yoles for ti correl'ilioti 
lie/iceen the TerH<iry voh-nvic tvccesaioti in iiorf/ierii A'vrnpe 
Olid in irenlerv Jmen'eii" After the lecture u receptioii was 
tendered to him by the memberB of the U. S. Geological Sur- 
vey. Upon Thursday avisitwas made to Bryn Mawr college, 
where an informal leetnre on "Volcanic Kctj<)n in northwestern 
Knrope" was delivered. Upon Friday a brief address was 
ffiven U> the American Philosophical Society in Philadelphia, 
and upon Saturday he arrived in JJew York. On Monday, 
May 10th, a lecture was given before the Brooklyn Institute, 
Several days were spent visiting relatives and friendsin New 
England and he sailed from New York upon May 16th. 

All those who participated in the excursions at the close of 
the leetures nianifefited great enthupiasni in all they saw and 
in the manner they were entertained. The following resolution 
was drawn up and signed by Sir Archibald Geikieiind the en- 
tire company of geologists : 

To the Board of Commimiiottfrs of the Maryland GfoUiyleat Survey 
and the State Gevlof/ist, 

Gritlghek: We have spent the last (our days in a most iatereeting 
inspection of Maryland's geology, uinler conditions which your hospit- 
able forethought has made peculiarly favorable. Our appreciation of 
the provisions made for the comfort of tbe party is keen, and our enjoy- 
ment of tbe excursion has been all that you could have wished it. In 
iwicp traversing the state of Maryland, opiwrtunity has lee n afforded 
wt of observing its mineral wealth, and in coming in contact with a wide 
range <>( phenomena illustrative of many of the appecta of geology. 
Tbe lield is rich, and it alTordB opportunities tor inquiries which may 
add honor and wealth to the commonwealth, contributing at tbe same 
time to the sum of human knowledge. The exploitation of these op 
portunities will l>e safe under your guidance, and we wish you a speedy 
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ERRATA. 
Page 37, secocd line, for da, read ile. 
Page ir>, third line, for Skiddau, read Skiddaw. 

Page 46, fourteenth line from bottom, for Enomphatus, rtad Eiioni- 
phnlun. 

Pafce 47. second Hdp, tor interruptedly, rend uointerruptwHly. 

Page 49, twenty-aewmd line, for Mica, read Utica. 

Page 115. The Kowe schist should be rajiresented as entiiely above 
the Greylock schist, and the Stockbridge limestone should be represent- 
ed as in part Silurian and Id part Canibrian. 

Pago 116. The Stuckbridge limestone should be repreeented as 
" Watcott'a Hudeon River " (Lower Silurian); and below it should be 
inserted: Vrrmnnt /orwn^oH, Thickness 800 to 900 feet, Walcott's 
•'Olenellus" (Lower Cambrian), 

Page 308, twenty-third line, for latitude, read longitude. 

Page 308, 18th line from bottom, for latitude read meridian. 

Page 310, eighteenth line, after the word glacial, insert and fluvial. 

Page 310, IStb line from top, strikeout glacial. 

Page 316, 11th line from bottom, tor Dr. Newberry read Dr. Q. M. 
Dawaon (Can. Nat. viii, p. 243). 
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